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FOREWORD 



The action of chemical agents upon the animal organ- 
ism, and particularly upon man, is of the greatest 
importance and interest. Far too little has been done 
toward systematizing our knowledge of this subject, 
and there is no doubt that this field offers an enormous 
opportunity for useful research. 

The purpose and scope of the present treatise have 
seemed sufficiently distinct from other works, and of 
sufficient importance to justify its translation. We have 
also attempted to bring the work up to date by a con- 
sideration of some of the more recent literature. 

The borderlands between the formerly distinct sciences 
are becoming of more and more importance as each 
science progresses. The relation between chemical con- 
stitution and physiological action is of such fundamental 
and far-reaching significance that a general idea of the 
work which has already been done should be of interest 
not only to the physiological chemist and to the searcher 
for new synthetic therapeutic agents, but also to the 
physician who must prescribe the use of such com- 
pounds. For real, rational scientific medicine must be 
founded upon a knowledge of this subject, and in order 
that a steady progress shall be made, a systematic 
knowledge must replace haphazard and empirical in- 
formation. 



IV FOREWORD 

This work is presented with the hope that it may- 
aid not only in the search for new synthetic therapeutic 
agents, but also in a more thorough understanding of the 
action and the reasons for the action of many of the com- 
pounds which are already in use. 
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CHEMICAL CONSTITUTIOx\ AND PHYSIO- 
LOGICAL ACTION 



GENERAL CONSmERATIONS 

Descriptive chemistry has brought forth an enormous 
number of chemical compounds, and has showed us 
their properties. The similarity of certain compounds 
which could be brought into genetic relationship, if not 
actually converted one to another, made possible the 
grouping of such bodies into series. This led to a 
classification of the chemical elements which directly 
explained reactions common to all the members of a 
series. General discrepancies which were observed were 
explained by assuming not only different valences for 
the different elements in combination, but also a vary- 
ing valence for a single element. Finally, the analogies 
between these series of elements were found to be related 
to the weight of the hypothetical atoms, and this re- 
sulted in the development of hypotheses connecting 
atomic weights with chemical and physical properties. 
The most perfect expression of such relations to-day is 
the periodic system of the elements. There were only 
timid attempts in the field of inorganic chemistry to 
explain the properties of compounds by discovering not 
only the kind and number of atoms in a combination, 
but also the manner in which they were joined — the 
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constitution of the compounds. The most powerful 
impulse to this work came from the knowledge of the 
carbon compounds. For in these bodies a few elements 
form countless compounds whose properties range from 
those of a harmless brilliant dye to those of an apparently- 
insignificant but really powerful poison alkaloid. In 
such a chaotic labyrinth it was impossible to find a path 
without the Ariadne thread of constitutional interpre- 
tation. 

Organic chemists were therefore first in this work, 
systematically propounding and elaborating hypotheses, 
which were later applied to inorganic compounds. 

Real scientific chemistry begins, at least in the organic 
field, with the determination of the influence of consti- 
tution upon the various properties of the compounds. 

The primary object of investigation is to ascertain 
the effect of the inner structure upon chemical and phys- 
ical phenomena such as chemical reactivity, melting- 
point, boiling-point, heat of combustion, refractivity, 
dielectric constant, etc. 

Especial interest was early excited by the color of 
substances and particularly the property of imparting the 
original or a modified color to animal and plant fibers. 

Only in recent times has it been attempted to connect 
the chemical constitution of compounds with those 
properties which are most delicate and most important 
to man— that is, with their effect upon the animal 
organism. 

Of course the idea of finding a connective relation 
between chemical and physiological properties of com- 
pounds is by no means new. This thought naturally 
arose with the earliest chemical considerations which 
were directed to substances of especial importance and 
interest to man, whether their qualities were injurious 
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or remedial. Then appeared the genius of Paracelsus, 
who directed chemistry into new courses with the sig- 
nificant expression, " The real object of chemistry is 
not to make gold, but to prepare medicines." (Von 
Meyer, History of Chemistry, 2d ed. from 2d German 
ed.) 

He announced a proposition that has a decided smack 
of modern times when he said "The healthy human 
body is a combination of chemical substances; when 
this suffers any change, diseases arise, which accordingly 
can be cured only by chemical remedies." 

The further advancement we owe next to the latro- 
chemical school, which proceeded along the course which 
Paracelsus had laid. This school, under de la Boe Sylvius, 
attempted to make all the science of medicine applied 
chemistry. The pity is that in this development there 
sprang up beside really far-reaching and fundamental 
ideas the most vague and speculative phantasies and 
imaginings, which could not fail to discredit the whole 
science of chemistry for some time, particularly so in 
investigating the curative effects of compounds. 

Chemical and physiological knowledge was in too 
undeveloped a condition for us to expect a great deal 
of productive work from those times. In order that 
we may evaluate the effect produced upon life functions 
by the substances artificially ingested into the organism 
it is quite necessary, according to our present ideas, 
that we postulate that these substances enter into reac- 
tion with the constituents of the cells which transmit 
the effect to the whole organism. Then it becomes at 
once evident to the chemist that such an interaction 
depends not only upon the structure of the ingested 
reagent, but quite as much upon the structure of the 
cell substances. 
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Thus we arrive at the discouraging conclusion that 
for a full and complete solution of our problems, for 
a sure and definite knowledge of the action of foodstuffs, 
medicines or poisons, it is quite certainly essential that 
we know the constitution of the cell substance and the 
significance of this constitution in the various physio- 
logical functions. Until this is known we must remain 
in the dark. At all events to-day, when the chemical 
constitution of one of the interacting materials — that 
is, the ingested substance, is known with a probability 
that borders upon certainty, we are facing our problem 
with views quite different from those which were cur- 
rent in the days of Paracelsus, Van Helmont and Sylvius. 
We may even allow ourselves to hope that these very 
relationships to whose investigation we are here devoted 
may become a means of assured progress in the deter- 
mination of the ultimate nature of the cell substances 
themselves. For the behavior of a substance toward 
known reagents gives us quite generally a clue to the 
presence of groups whose reaction characteristics we 
know. 

At any rate if we were to limit- ourselves even 
to-day to our investigation of the actions and effects 
of only those substances whose constitution may be 
considered to be wholly and perfectly cleared up in all 
details, our field would be comparatively small. For 
we must remember that it is in a series of substances 
whose constitution has so far defied all attempts at 
solution where we find some of the physiologically most 
active material. But there are fortunately many per- 
tinent relationships that can be established even with 
our very limited knowledge of constitutional structure, 
just as is the case in pure chemistry. For example, 
it is not at all necessary to know the structure of aro- 
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matic hydrocarbons in order to conclude definitely after 
noting the varying behavior of their nitro derivatives 
on the one hand, and the corresponding amines formed 
by reduction of these nitro bodies on the other hand, as 
compared with the corresponding diazonium salts, that 
the amino group on the aromatic nucleus plays an 
important and especial role in the reactions involved. 
In the same manner in the case of physiologically active 
substances we can easily trace the influence of various 
substitutions, although the actual constitution and 
occasionally even the empirical composition of the main 
body of the compound may be entirely unknown to us. 
In the cases of some substances the living organism is 
an indicator of such remarkably great delicacy that it 
far transcends all chemical reagents and reminds us 
strongly of the sensitiveness of the electroscope in the 
detection of radioactive substances. For example, the 
living organism demonstrates most clearly changes of 
this sort in the formation of specific anti-bodies from 
the nomial components of the animal body. Such 
changes could not even be surmised by any chemical 
reagents, although there can be no question that for 
their fundamental causes they must be referred to alter- 
ation of the chemical and stearic structure of complex 
molecules. 

As we have already noted, material ingested from 
without enters into relationship with the body materials 
in the performance of the various body functions. In 
general the more these ingested substances differ from 
those of the body and the greater the effect observed 
by the introduction of the most minute quantities, so 
much the more easily may these relationships be deter- 
mined. Both of these conditions are well satisfied in 
the case of those substances which are in part injurious 
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to the body as poisons and in part beneficial as med- 
icines. We shall therefore essentially restrict ourselves 
to a consideration of these substances in the following 
treatise. 

First of all let us consider what quantities of foreign 
substance introduced into the body are capable of being 
recognized by a definite effect. Hydrocyanic acid is 
fatal for man in doses of 0.05 gm., and its effects are 
very clearly discernible in doses of 0.0005 gm. Strych- 
nine, which is fatal for adult man in doses of 0.10 gm. 
to 0.12 gm., shows a very marked effect even in doses 
of 0.003 gm. Pilocarpine is utilized in a therapeutic 
way for man in quantities of 0.005 gm. Let us for a 
moment consider these small quantities to be distributed 
only in the blood, which in an adult human being is 
estimated at 5.5 kgm. We then find the following 
concentrations in the blood for doses that are effective: 

Hydrocyanic acid 1 : 11,000,000 

Strychnine 1 : 1,800,000 

Pilocarpine 1 : 1,100,000 

Now for some of the particularly delicate chemical 
reactions the following limits of sensitiveness have been 
found : 

AgNOs and HCl 1 : 1,000,000 

BaCl2 and H2SO4 1 : 400,000 

A further consideration of the above figures makes 
it seem improbable that the quantities of the poisons 
mentioned are so uniformly distributed in the organism 
as is assumed in the calculation. We are rather led to 
the view that a localization or concentration takes place 
at those parts that are affected, in somewhat the same 
manner as a woolen thread can concentrate and make 
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distinctly visible a very slight and uncertain color in 
a solution. And indeed it has been possible by intra- 
vital staining with proper dye-stuffs to furnish proof 
of such a localization within the organism. Thus, for 
example, methylene blue imparts a particularly intense 
color to the nerve endings, certain cells of the pancreas 
and a definite category of muscle fibers endowed with 
particular functions.^ At the same time it has been 
possible by means of this same coloring-matter to estab- 
lish differences in chemical characteristics of the cells 
which absorb it. It is taken up in part as a leuco base 
and in part is transformed into a compound which 
regenerates methylene blue only on treatment with 
hydrochloric acid.^ The power of coloring gray nerve 
matter is possessed by only a small number of dyes, 
especially basic dyes. All dyes that contain a sulphonic 
acid group are in this respect entirely ineffective and 
of the acid dyes containing hydroxyl as the auxochrome 
group alizarine alone is effective. 

Phenomena of this sort, at first noted only as interesting 
facts, were utilized later, particularly by Ehrlich, as 
a basic starting point for a comprehensive tracing out 
of physiological action. We must tarry for a moment 
while on this interesting point. The first question which 
naturally arises is how we can recognize a locaHzation 
when we are dealing with substances other than those 
we have just discussed — that is, with substances whose 
presence caimot be plainly detected by the eye, as 
is the case with coloring matters. When we have under 
consideration the living being, then, of course the hypoth- 
esis that such locahzation is the cause of the general 
physiological effect, helps us out of our difficulty. By 

* Ehrlich, Leyden-Festschrift, Vol. I. 

2 Herter, Z. physiol. Chem., 42, 493 (1904). 
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careful study of the physiological effects we can deter- 
mine when the ingested foreign substance has become 
localized if we know the seat of the function that has 
been affected. Thus we may learn the organ upon which 
this function is dependent and so the brain centers 
and nerve fibers concerned in the effect. For all such 
information as this we are of course indebted to the 
present state of development of anatomy and phys- 
iology. Naturally we must determine by experiment 
in the individual case whether the influence is to be 
traced to the organ itself or to the brain center that 
controls it, or whether the nerve fiber that connects 
the two has been affected. Further observations can 
be made in the post mortem examination of the affected 
individual. Some substances leave at the seat of their 
localization distinct evidences in the form of histological 
changes; for example, the ecgonine derivatives in the 
parenchyma of the hver (Ehrlich) and curare in the nerve 
fibers (Cavallie). The localization of other substances 
can be detected directly by staining or by the addition of a 
proper reagent. Thus, for example, it is possible to trace 
the iron absorption from the intestines by the intestinal 
epithelial cells, the lymphatic glands, etc., by treating 
the organs under suitable conditions with ammonium 
sulphide or with potassium ferrocyanide. Thus, also 
it is possible to ascertain the distribution of aniline 
in the organism by means of l-2-naphthoquinone-4- 
sulphonic acid.^ The further development of physio- 
logical and histological anatomical methods will very 
probably bring to light many other possibilities in this 
field. 

We may add that the locaUzation of the toxines, 
immuno bodies, etc., which are so exceedingly sensitive 
1 Ehrlich and Herter, Z. physiol. Chem., 41, 379 (1904). 



GENERAL CONSIDERATIONS 9 

in their reaction, can quite frequently be directly demon- 
strated by means of solution of the corresponding anti- 
bodies. 

Now this selective power, which has already been 
determined for a great number of substances and which 
we can reasonably expect to exist for many others, 
may depend upon either physical or upon chemical 
causes. 

Ehrlich compares the power of resorption possessed by 
individual organs for certain substances to the shaking- 
out process for alkaloids from their aqueous solution by 
means of organic solvents, such as ether, benzol, ligroin, 
etc. If we bear in mind that the liquids circulating in 
the body (blood and lymph) are essentially aqueous in 
character, but that the organs of vital importance, 
such as blood corpuscles, brain and nerves, are dis- 
tinguished by a content of fatty or wax-like substances, 
such as lecithines and cholesterines, then many physi- 
ological effects suggest the comparison. Hans Meyer ^ 
as well as Overton ^ have shown that at least in the 
case of the neutral narcotics we have to do with more 
than a mere comparison, as here the degree of action 
increases in the same ratio as the quotient: 

Solubility in fat : solubility in water. 

There had previously been recognized relationships 
between the fat content of the brain and the degree 
of narcosis'* that led von Bibra and Harless to the 
assumption that the essential feature' of narcosis is the 
extraction of fat substances from the brain. This view 

iHans Meyet, Arch. exp. Path. Pharm., 42, 109 (1899) and 
46, 337 (1901). Baum, ibid., 42, 119 (1899). 
' Studien uber die Narkose, Jena, 1901. 
•Kochmann, Biochem. Zentr., 4, 689 (1906). 
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has more recently been supported by the experiments 
of Reicher.^ Further, Hermann has shown that all 
narcotics of the fatty series can dissolve red blood cor- 
puscles, and has explained this phenomenon as an extrac- 
tion of their fat-like substances. At the same time he 
calls attention to the coincidence of this process with 
the presumptive occurrence of narcosis. Reicher, on 
the other hand, had pointed out that the narcotic power 
of a substance is inveresly proportional to its solubility 
in water. 

The theory of Overton and Hans Meyer may be summed 
up in the following theorems propounded by them: 

(1) All primarily indifferent substances that are sol- 
vents for fat and fat-like bodies must act as narcotics 
upon living protoplasm cells if they can be absorbed 
by the cells. 

(2) The action must appear first and strongest in those 
cells in whose composition these fat-like substances pre- 
dominate and in which they are especially essential 
contributors to the cell-function — in the nerve cells, 
therefore, before all others. 

(3) The relative power for action of such narcotics 
must be dependent on the one hand upon their mechan- 
ical affinity for fat-like substances and on the other 
hand their lack of affinity for the remaining cell sub- 
stances — that is, principally water. So we can say 
their power depends upon the degree of their partition 
between water and the fat-like substances. 

This theory is borne out and substantiated by the 
finding of similar relationships in other than the fatty 
series; but we cannot say that solubility in fat alone 
is the cause of narcosis. For such a conclusion as 
that would very apparently imply that the neutral 
' Reicher, Z. klin. Med., 65, 235 (1908). 
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fats should be counted among the most powerful of 
narcotics. So we must conclude that aside from these 
factors of solubility there must be taken into account 
some chemical factors of no less importance. 

Kochmann with perfect justice raises the objection 
that if the theory of Meyer is entirely valid all nar- 
cotics that act on the central system would of neces- 
sity act upon the peripheral nerves, at least temporarily 
paralyzing them, because they are very decidedly rich 
in lipoids, even if ^ not to such an extent as is the brain. 
But, according to Gradenwitz,^ this is not the case. 

Now there are very definite observations that point 
to the presence of chemical action in narcosis. 

The objection may very properly be made to the theory 
of von Bibra and Harless that the rapid return to the 
normal state contradicts it. This is Kochmann's argument. 

Neverthless the fact which they have established re- 
mains — that is, that the quantity of fat capable of 
being extracted (from the brain during narcosis) is 
less than the quantity that can normally be extracted. 
Therefore, if this fat has not been removed from the 
cells, it must have undergone a change through the 
action of the narcotic. Moore and Roaf^ have shown 
that chloroform and other anaesthetics combine with 
protoplasm to form unstable compounds, and they 
presume that the formation of such compounds is the 
cause of the intoxication. The possibility of the for- 
mation of such compounds by the union of substances 
supposedly incapable of chemical combination has been 
thoroughly discussed by Heymans and de Buck.* 

^ Gradenwitz, Dissertation, Breslau, 1898. 
2 Moore and Roaf, Proc. Roy. Soc, 73, 494 (1904); and 77, 
86 (1906). 

' Heymans and de Buck, Arch, intern, pharmacodyn., 1, 1 (1894). 
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So Kochmann fairly propounds the question: does 
the solubility in the fat perhaps merely serve as a means 
to an end? It may be absolutely necessary only in order 
that the narcotic may enter the cell without being an 
etiological causative factor. In view of this discussion 
we must decide that the power to dissolve in fat is essen- 
tial as the chief cause for the entry of the narcotic into 
certain organs. Therefore this factor within a given 
group of substances related in action will determine the 
degree of their activity. 

A treatment similar to the one we have made concern- 
ing solubility may also be applied to osmotic pressure 
and to surface tension in order to explain physiological 
differences in action of various substances. Nothing 
could be more desirable than to subject to mathematical 
treatment the complicated situation which we have in 
the action of foreign substances in the organism. But 
as yet we should have to deal with too great a number 
of variables at one time, and until some of the rela- 
tionships that are still almost unknown to us shall have 
been positively established, such a treatment can hardly 
be applied. A premature attempt of the sort, which 
frequently results in treating as neghgible factors the 
clear deductions of physiological observations, can only 
lead to discredit of the mathematical method. 

Loew ^ assumed a direct chemical union of the proto- 
plasm with the so-called substituting poisons, supposing 
the labile amino and aldehyde groups of the protoplasm 
to be active in effecting such a union. In such a case 
then, the poisonous substances to be considered must 
have certain groups which are capable of reaction with 
these amino and aldehyde groups even in very dilute 

' Loew Ein naturliches System der Giftwirkungen, Stuttgart 
(1893). 
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solutions. Such an explanation seems to be, at least 
in some instances, quite plausible. For example, hydrox- 
ylamine and the hydrazines, which are well-known alde- 
hyde reagents, are powerful poisons for vegetable and 
animal organisms, while the ketoximes, in which the 
reaction group is bound, are only in exceptional cases 
more poisonous than the related ketones. Moreover, 
aniline, which reacts with aldehyde with far greater 
difficulty than does phenylhydrazine, is also, as we should 
expect, far less poisonous. In the case of a few poison- 
ous bodies having a tertiary nitrogen, a reduction with 
the formation of an imino group and consequently 
greater chemical activity increases their poisonous effects. 
In this connection may be mentioned the reduction of 
pyridine to piperidine. It is quite presumable also that 
in this category should be placed those bases whose 
power for action may be diminished by the entry of 
alkyl groups. This is particularly the case when an 
acid radicle is introduced into an amino group. In 
other cases, however, this hypothesis fails and is not 
supported by the facts. Erhhch will not admit this 
hypothesis at all for ingested foreign poisons, because 
in his very numerous experiments in this direction he 
was never able to establish that there had been a chem- 
ical union of such bodies. In fact, he found that the 
various poisons could, without exception, be again ex- 
tracted from the tissues by means of neutral, chemically 
inactive solvents. Further, he opposes the Loew theory 
with the following arguments. 

(1) The return from a condition of narcosis to the 
normal condition is rapid in the case of most of the 
substances under consideration. 

(2) When dye-stuffs (such as fuchsine) which are 
capable of reacting with aldehyde to suffer a distinct 
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color change are used, there is no occurrence of such 
change. 

Ehrlich, however, assumes a real chemical union in 
the case of toxines of high molecular weight and in 
the case of substances such as food-stuffs which are 
capable of assimilation, and in such cases he maintains 
that the specific haptophoric groups of the substance 
combine with the receptors or side chains of the pro- 
toplasm. For foreign substances, he concludes as a 
result of his investigations, that there is such a union 

CH2v 
only in the case of dimethylenimine | %NH and for 

CH2/ 

CH2V 
the structurally analogous dimethylene oxide | ^0 

because these substances effect a lasting and peculiar 
change in the tissue. 

Although we must acknowledge that the objections to 
the theory of Loew are in part justified, nevertheless, 
they themselves are not beyond criticism nor wholly 
free from fault. It is safe to presume that there are a 
number of substances that would show an action on the 
tissues similar to that of dimethylenimine. In fact, 
according to Ehrlich's investigations, cocaine and most 
of the other ecgonine derivatives cause a characteristic 
foamy degeneration of the liver cells, and a more deli- 
cate microscopic technique has shown that cocaine and 
stovaine, which acts similarly, develop in the localities 
of their action certain well-marked structural changes.^ 
It will, therefore, without doubt, be necessary to widen 
the circle of exceptions to the Ehrlich law, and among 
these exceptions are most certainly to be included, 

' Santesson, Skand. Arch. Physiol., 21, 35; Chem. Zentr., 
1908, II, 145. 
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according to Ehrlich's own beautiful researches, the 
compounds or combinations of trivalent arsenic in their 
behavior toward trypanosomes.^ 

The most weighty of the reasons adduced by Ehriich 
in support of his contention is the fact that the poi- 
sonous substances can be removed from the tissues 
by means of neutral solvents. But even supposing a 
chemical union, this phenomenon can be explained by 
the law of mass action by assuming that the various 
protoplasm compounds are easily dissociated in the 
solvents. This would at the same time explain the 
evanescence of the narcosis. 

In fact, we find in Overton's work some results that 
indicate such a behavior. For example, if we place 
certain cells in a strychnine solution, there is formed 
within the cells a precipitate of strychnine tannate. 
This formation is proportionate to the concentration 
of the alkaloid in solution, and if this concentration is 
decreased by sufficiently diluting the solution, the pre- 
cipitate will disappear. Accordingly, a chemical union 
of the poisons would seem quite probable if their removal 
from the tissues proceeded only according to laws other 
than those that hold in the case of ordinary mixtures 
of substances. And, in fact, this is supported by in- 
vestigations of Straub ^ who found that certain effects 
of alkaloids are dependent upon a preliminary storage 
in the sensitive cells. He also found that inactive 
alkaloids are either destroyed or are not stored up in the 
cells. Straub proved such a storage effect in the case 
of veratrine, and he further showed that here the par- 
tition coefficients differ from those demanded by the 
diffusion law. Denarcotization is also effected by the 

1 Ehriich, Ber., 42, 30 (1909). 

2 Straub, Pfliiger's Arch., 98, 233 (1903). 
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blood and tissue fluids much more strongly than we 
should expect according to this law. Therefore, we 
must consider the fixation of the poison On the proto- 
plasm and its removal as a reversible reaction which 
may be represented by the following equation: 

Plasma+poison solution <=i poison plasma+water. 

Other instances of chemical fixation have already 
been mentioned in the discussion of the Overton-Meyer 
theory. 

However this conflict of opinions as to the mechan- 
ism of the action may be decided, this at least is certain: 
The production of an effect at any desired place in the 
organism necessitates such a chemical constitution of 
the ingested substances as to make possible their local 
flxation, whether it be of a chemical or of a physical 
nature. When there is such a structure of the material, 
this acts, we may say, as a grappling hook by means of 
which the effective groups can be attached or hooked 
on to the substance of the tissue. ^ 

It is necessary, of course, to avoid the previous accu- 
mulation in the protoplasm of such groups as have the 
same or a similar selective tendency as the substance 
we desire to bring into action. Otherwise our efforts 
at directive medication would be fruitless. This dis- 
cussion clearly emphasizes the great practical value of 
research upon the mode of action of the different sub- 
stituting groups and upon the group characteristics 
which enable them to react upon or become attached 
to the different body organs. It is also apparent that 
the synthesis of medicinal preparations depends upon 
the scientific advance of such considerations. 
' Ehrlich, Leyden-Festschrift. 



GENERAL CONSIDERATIONS 17 

A research of this sort is conducted in two different 
ways. At first it was naturally directed to substances 
that had been determined in an empirical manner to be 
physiologically active. These were of course natural 
substances, principally plant products. The first object 
was to isolate from the raw product whether drug or 
coal tar, those chemical components which constituted 
the active principles. This course has been pursued 
for many decades since the isolation of morphine from 
opium, and is still being pursued to-day. Such activities 
have been remarkable for the energy which has been 
spent in them and for the resulting successes. Coin- 
cident with such work, particularly in later years, has 
been the work of unraveling the chemical constitution 
of the active principles obtained. Then followed the 
attempt to determine what particular parts of the mole- 
cule, what special groups, were responsible for the 
specific physiological action. For example, it is extremely 
interesting and valuable from a chemical standpoint to 
have the total synthesis of an alkaloid. But it is far 
more important from the standpoint of practical medi- 
cine to be able to modify such a body so as to deprive 
it of undesirable or unpleasant effects while still retaining 
its essential physiological properties or to increase or 
strengthen the desired effect, or lastly, to combine this 
with other desired effects which are lacking in the 
original substance. These efforts must be carried still 
further in order to make ourselves independent of the 
original substances of nature, and to make in their stead 
artificial substances, similar, but constituted as simply 
as possible. 

At the beginning of this work it was natural that it 
should be mainly directed toward the thoroughly known 
effects of substances traditionally offered us by nature. 
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But soon the investigators were ready to leave this path 
to explore physiological effects with which the older 
observers were necessarily quite unacquainted. How 
much there may be that is physiologically not only 
interesting, but indeed valuable in the almost count- 
less numbers of compounds which the speculative inves- 
tigation and experimentation of the chemists have given 
us since Wohler's synthesis of urea! Enormous as these 
possibilities are, they must continue to multiply to far 
greater numbers in the future. 

The second direction in which effort has turned for 
quite a period of time is the determination of the phys- 
iological behavior of many active chemical groups, 
some of them long known and some newly discovered. 
It is to be urgently desired from both a practical and 
a theoretical standpoint that this work will be con- 
ducted in a much more comprehensive and thorough 
way than hitherto. For, up to the present time, this 
work has been usually done by pharmacologists either 
directly employed or supported by chemical factories, 
and it has been carried out merely with a view to its 
practical exploitation. Such work has had no real 
scientific aim and purpose. The theoretical develop- 
ment of the subject demands more thorough methods of 
investigation. The pursuit of vaguely suggested and 
often undesired effects can be successfully carried on 
only by the cooperation of the chemist and the phys- 
iologist. Thus only will the theoretical views on the 
influence of constitution be placed upon a secure and 
safe foundation. And it is almost self-evident that 
such investigation will be followed by an immense amount 
of information of practical value, at least in a general 
understanding and conception of the subject. Such 
investigations are of sufficient importance for the wel- 
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fare of mankind to warrant the foundation and support 
by state authorities of institutions properly equipped 
and independently endowed to carry on the work. The 
pharmacological university institutions which are car- 
rying the burden of education with their few and 
underpaid professors are entirely inadequate to cope 
vigorously with this problem. 

The greatest care and painstaking detail are of course 
paramount in importance in the development of this 
science. There must be the most thorough reliability 
in the work of the chemist in unraveling the structure 
of the compounds which he has prepared as well as 
in the work of the physiologist and physician in inter- 
preting the symptoms which are provoked. The tech- 
nique of the work is as yet in its developmental stage, 
and still leaves much to be desired. We may hope that 
in time many an obscure and hitherto inexplicable 
phenomenon will find its explanation. 

Especially is the greatest care also demanded in 
judging and interpreting the results of experiments. 
For example, it happens occasionally that a faint sug- 
gestion of an effect in the initial substance is very con- 
siderably increased by the introduction of a new group. 
The almost self-evident inference is that this new group 
is in itself responsible for such an increment in the 
observed effect. But this conclusion may be quite 
erroneous, since the influence of the new group may 
essentially depend upon the fact that it neutralizes 
another effect which predominated in the initial sub- 
stance, or that it, so to speak, paralyzes the action 
of a group that obstructed the prominence of the de- 
sired effect. Thus, for example, there is formed from 
the mildly aneesthetic benzoyl ecgonine. 
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by alkylation the powerfully active cocaine; but ben- 
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is also powerful in its ansesthetic effect. Therefore, we 
can conclude that the alkylation of the carboxyl group 
in benzoylecgonine does not impart the anaesthetic prop- 
erties to the compound; but it does neutralize the 
inhibitory qualities of the carboxyl group. There is a 
similar relationship between arecoline II and arecaidine I : 
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It must be clear that in such cases only the most 
painstaking consideration of analagous cases in the 
greatest possible variety can lead us to a correct inter- 
pretation of results. 

Great care is likewise necessary in quantitative com- 
parisons of effects. The mode of distribution must be 
carefully taken into account. For example, we must 
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consider that differences in solubility may often account 
wholly or in part for deviations from the expected local- 
ization possibilities of a drug or poison. Add to this 
the fact that probably in the case of every substance 
ingested we must admit that a certain quantity is nec- 
essary before any effect will be noticeable. Comparisons 
of intensity of effect should be made only after passing 
this initial quantity. Especially is this consideration of 
importance in cases where the ingested substance is nor- 
mally present in the organism. Under such conditions 
a certain adjustment of the normal organism has been 
already established for the material in question. 

It is, of course, only in exceptional cases that we 
find monotropic substances. By this we mean sub- 
stances that are limited in action to one organ, or still 
more correctly, to one element of one organ. New 
difficulties and new complications in judging the relative 
strength of effect arise from the differences in the points 
of attack or action of substances upon the complicated 
higher organisms. The attempt has been made in more 
recent times to avoid this difficulty as far as possible 
by making the experiments on the lowest life forms, 
such as the unicellular organisms of bacteria, paramsecia, 
yeast, sea urchin eggs, red blood corpuscles, etc. As 
one would expect, the results obtained in this manner 
are very well comparable among themselves. But it is 
clear that in order to reach conclusions which are apphc- 
able to the higher animal organisms from the results 
with these lowest forms, it would be necessary to make 
an enormous number of different experiments on the 
most divers cell kinds. For there have been observed 
the greatest differences imaginable in the effects of 
some groups upon warm- and upon cold-blooded animals. 
Not only that, but there have been found differences 
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of behavior in the most nearly related species. For 
example, the extraordinary diminution of the poisonous 
effect of p-aminophenyl arsinic acid by acetylization 
whije observed in the case of the mouse is only slight 
in the case of other animals. In the case of the mor- 
phine derivatives, the only experimental results that are 
comparable with the effects on the human organism 
are those obtained on the organism of the cat. We 
must mention here the quite valuable investigations that 
have been made on isolated organs retained in theJt 
state of normal functions by means of an artificial cir- 
culation of blood. 

But there are sometimes individual differences even 
in the same animal kind. That such is the case even in 
the lower forms of life is shown by the occurrence of 
some trypanosome types that are immune to poisons 
through an established tolerance. In the higher forms 
of life and particularly in man, this phenomenon is 
very strongly pronounced and very varied. It is known 
under such names as idiosyncrasy, tolerance and im- 
munity. Some substances have been observed to act 
differently under normal physiological conditions and 
under pathological conditions. Thus, quinine will re- 
duce the temperature of a fever patient from 3° to 4°, 
while the temperature of a normal person is only slightly 
lowered. Salicylic acid is powerfully active in this 
direction in cases of acute articular rheumatism, while 
it is but slightly active in other febrile affections and is 
inactive upon the normal body. 

Now, it will be quite evident that conditions are very 
complicated indeed when one wishes to act upon living 
organisms such as injurious parasites within another 
living being. Inner disinfection by chemical means 
in bacterial affections has remained, as is shown in 



GENERAL CONSIDERATIONS 23 

the case of the phenols, a pious hope, a consummation 
devoutly to be wished for. It is quite true that the 
specific serum therapy will have to be referred for its 
ultimate reasons to chemical effects, although the eluci- 
dation of the chemical processes herein involved is still 
in its very infancy. But we already know that in some 
cases of serum therapy we have to deal with the con- 
comitant action of lecithins and other lipoids, and per- 
haps soaps. The conditions seem to be more favorable, 
however, in the battle against animal parasites, where 
iodine, arsenic, and mercury compounds and certain 
dye-stuffs have been shown to be efficient in doses not 
injurious to man. In the case of dye-stuffs particularly 
there has been established a distinct relationship between 
constitution and effect upon the organism. 

Some substances do not act as such for themselves, 
but only through secondary products, which are formed 
from them in the organism. The knowledge of such 
transformations forms an important field of our study, 
a field, however, which we can but casually touch upon 
in this treatise. 
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In the action of inorganic substances we have to deal 
with other considerations besides the local effects such as 
are produced especially by free acids and alkalies. There 
is above all the effect of the water, and in the case of 
salts, since these are either used in solution or dis- 
solved in the body, there are the various conditions 
dominant in solutions. The salts in part dissociate 
into their ions, and these, together with the undissociated 
salt, are the cause of osmotic pressure. According as 
the solution is hypotonic or hypertonic it will either 
cause a flooding of the tissues or will effect an abstrac- 
tion of water from them. In the case of hypertonic 
solutions, we have to deal with salt action in its proper 
sense, which manifests itself preponderatingly in an 
increase of diuresis.^ Further, the ions are the cause 
of specific effects. Blake ^ in his investigations, which 
extended over several decades, determined that these 
effects are due essentially to the electropositive com- 
ponents. By directly introducing the substances into 
the circulatory systems of living animals, he arrived at 
the following conclusions: 

(1) The action depends only upon the kations, and 
has only very slight connections, if any, with the anions. 

(2) In the same isomorphous group the activity bears 
a distinct relationship to the atomic weight, the in- 

1 Sollmann, Am. J. Physiol., 9, 13, 454 (1907). 

2 Blake, Compt. rend., 1839; Proc. Roy. Soc, London, 1841; 
Am. J. Sci., 1874; Ber., 14, 394 (1881). 
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tensity of activity increasing with the atomic weight. 
The following groups are qualitatively equivalent : 

(a) Li, Na, Rb, Tl, Cs, Ag, (K and NH4 do not 

fall in this series) ; 

(b) Mg, Fe, Mn, Co, Ni, Cu, Zn, Cd; 

(c) Ca, Sr, Ba; 

id) Th, Pd, Pt, Os, Au. 

Blake characterizes these group effects in detail as 
follows : 

(a) Monovalent elements exert a powerful astringent 
or contracting action upon the capillaries of the lungs. 
They circulate through the nerve centers in greater 
concentration than through the lungs, and they exer- 
cise no appreciable effects upon the body capillaries. 

(6 and c) The salts of all divalent elements cause no 
contraction of the capillaries of the lungs. They are, 
however, detrimental to the heart action, and if ad- 
ministered in sufficient quantity inhibit it entirely. 
In smaller quantities the substances of the magnesium 
group (6) act directly upon the hsemogastric nerve, 
and presumably they act indirectly, by a reflex action, 
upon the intestine nerve (nervus splanchnicus) . The 
members of the calcium group (c) act upon the spinal cord, 
causing spasmodic contractions of the voluntary muscles. 

(d) The salts of the trivalent and tetravalent metals 
act principally upon the inhibitory as well as upon 
the vasomotor centers of the medulla oblongata. For 
the different valences of the same element there are 
characteristic differences in the compounds. In general, 
with increase in valence of the element there is an in- 
crease in the number of organs affected. Thus, ferrous 
compounds affect fewer organs than ferric, etc. 

Blake later arranged the elements in isomorphous 
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series, according to their atomic weights and the degree 
of their toxicity. The following is his table, the atomic 
weights being taken by him from the international 
table for 1908: 



Group. 


Element. 


Atomic weight. 


Lethal dose for 

1 kgm. of animal 

body. 


(o) 




7.03 

85.5 

132.9 

107.93 

197.2 

24.36 
55.9 
58.7 
59.0 
63.6 
65.4 
112.4 

40.1 

87.6 

137.4 

27.1 
55.9 
89 

140.25 
140.25 
232.5 
■138.9 
142 
106.5 
194.8 


1.2 




Rubidium 

Caesium. 


0.12 
0-.12 




Silver 

Gold 


0.028 
0.003 


(fe) 


Magnesium 

Iron (II) . . 


0.97 
32 




Nickel 


0.18 




Cobalt 

Copper. 


0.17 
17 


(c) 


Zinc^ 
Cadmium ^ 

Calcium 


0.18 
, 0.085 

0.50 




Strontium 


38 






0.08 


(d) 




0.007 




Iron (III) 


004 




Yttrium. 


004 




Cerium (III) 

Cerium (IV) 

Thorium 

Lanthanum 

Didimium 

Palladium 

Platinum. 


0.005 
0.062 
0.034 
0.025 
0.017 
0.008 
027 









We may add that uranium with the high atomic weight of 238.5 is ex- 
ceedingly poisonous. — Kobert, Arbeiten, 5, 1 (1890). 

' Galliura with an atomic weight of 70 is according to Rabuteau slightly 
more active than zinc. — Rabuteau. Compt. rend. soc. biol., 35, sio (1883). 

2 Compare Athanasiu aud Langlois, Ibid. 47, 391, 496 (1895). 
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As before mentioned, potassium occupies, according 
to Blake's investigation, an exceptional position, which 
he, as in the case of nitrogen, connected with deviations 
observed in the behavior of the spectrum. Sodium, on 
the other hand, does not fit into the series in a quanti- 
tative way. This exception on the part of sodium may 
be explained by the odd and peculiar position of that 
element as a special sub-group of the alkali metals in 
the Mendelejeff system. There is also another point 
of view, which we shall reach later, which will enable 
us to understand this peculiarity. Potassium and am- 
monium share with the other monovalent kations the 
property of acting upon the capillaries of the lungs. 
At the same time, they possess like the calcium group, 
with which they are both isomorphous, the property 
of contracting the voluntary muscles. Potassium is at 
the same time a powerful cardiac poison.'^ This same 
property is also observed to a certain degree to be 
possessed by caesium and rubidium. In this case then, 
the intensity of action increases with diminishing atomic 
weight. Therefore, contrary to the original formulation of 
Blake, but in accordance with the demands of the periodic 
system, potassium shows properties in common with the 
other alkali metals (excepting sodium) . Furthermore, quite 
in accord with these facts, the " typical " element lithium 
has only the faintest suggestion of the cardiac effect.^ 

Binet has carried out a more exhaustive investigation 
of the alkalies and alkahne earths^ According to his 
experiments, both groups in common cause in the central 
nervous system a diminution of susceptibility for exci- 
tation and they also cause a disturbance in the power 
of contraction of the muscles. Preceding the latter effect 

^ Astolfoni, Arch, intern. Pharmaoodyn., 11, 381 (1903). 

2 Botkin, Zentr. med. Wissensch., 1885, No. 48. 

' Binet, Compt. rend., 115, 251 (1892). 
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there are to be observed disturbances in respiration and 
in heart action. In the case of warm-blooded animals, 
these may cause death before the first general effects men- 
tioned above become appreciable. There are found some- 
times also (particularly in the case of barium and lithium) ^ 
disturbances in the alimentary canal. Besides these 
differences we observe strikingly characteristic and dif- 
ferent effects for the chemical groups of the metals. 
Thus, the alkalies cause stoppage of the heart in diastole 
besides a motor inactivity through a general relaxation 
of the muscles. The alkaline earths, on the other hand, 
stop the heart in systole. Magnesium resembles the 
alkali group in that it stops the heart in diastole, but 
it is distinguished from that group in causing an early 
paralysis of the peripheral nervous system. In the 
case of mammals, barium is the most poisonous element 
of the group for heart action and respiration. It is 
further characterized by contraction effects. Calcium 
acts predominantly upon the central nervous system, 
producing a state of rigidity with retention of reflex 
excitability and sensibility. 

Lusanna ^ investigated the action of metallic chlorides 
upon respiration and contractility in the faradic exci- 
tation of the frog muscle, using solutions isotonic with 
a 7 per cent sodium chloride solution, and arrived at 
the following results: 



Respiration 
depreased. 



Respiration 
not alTected. 



Respiration 
increased. 



Contractility destroyed. . . 
Contractility not affected. 



Ca, Hg, Cu 

Ni, Co 
Li, Mg 



K 



Na, Sr 



NH4, Ba 



1 Good, Am. J. med. soi., Feb., 1903. 

2 Bull. soc. m6d., 1907, No. 4. 
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According to Hubert ^ thorium, cerium, lanthanum, 
zirconium, aluminum, and magnesium are posionous for 
fish, plants, aspergillus niger, yeasts and soluble ferments. 
The toxicity increases from magnesium (atomic weight 
24.36) to lanthanum (138.9), to cerium (140.25), to chro- 
mium (52.1), to aluminum (27.1), to thorium (232.5). 
There can be seen no relation whatever in this case 
between toxicity and atomic weight. 

There have rather recently been discovered in the case 
of magnesium, some very peculiar effects which remind 
one of certain alkaloids. According to Meltzer ^ solutions 
of magnesium salts injected either subcutaneously, intra- 
venously or directly into the canal of the spinal cord 
cause anaesthesia and retard respiration. Upon admin- 
istering large amounts, the tonus of the vasomotor 
center is impaired and somewhat before this the tonus 
of the pneumogastric center is so affected, and there 
is observed a deep general stupefaction with relaxation 
of all the muscles. Of practical importance is the 
statement of Meltzer that a deep general narcosis can 
be obtained with quantities that do not influence heart 
action, blood pressure, or respiration. According to 
different authors,^ we have to deal with a curare-like 
action on the motor nerve ends while the sensory nerves 
are said to be not at all affected. On the contrary, 
Delhaye,* found that the diminution of excitability is 
manifested more quickly and more intensely in the 
sensory than in the motor nerve system — that in the 
former it is central and that it is curare-like only in 

1 Hubert, J. physiol. path. g(«n., 9, 217 (1907). 

2 Meltzer, Berl. klin. Wochenschr., 43, No. 3 (1906); Meltzer 
and Auer, Am. J. physiol., 21, 449 (1908). 

3Wiki, Soc. bioL, 60, 1008 (1906); Bardier, Soc. bid., 62, 
843 (1907). 

* Delhaye, Bull. soc. roy. sci. m^d. nat., Brussels, 1908, 72. 
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regard to the motor endplates. According to him the 
injurious effect of this treatment upon respiration and 
upon the kidneys (resulting in a diminution of the 
quantity of urine and the appearance of albumin and 
cylinders in the urine), must preclude its therapeutic use. 

The fundamental characteristic effect common to man- 
ganese, iron, nickel, and cobalt, according to Wohlwill,^ 
is the production of capillary hypersemia of the stomach 
intestinal tract, and a consequent change in blood 
pressure. This together with a direct action on the 
central nervous system is probably responsible for the 
nervous symptoms exhibited under treatment with these 
substances. The manner in which these metals act is 
very similar to the action of arsenic. But they differ 
from arsenic in that they are not resorbed by the stomach 
and intestinal tract. ^ 

It is already apparent from what has been said, 
that the Blake laws are not universally valid. This 
is particularly noticeable in the case of the action of 
anions, an action which is practically denied by Blake. 
He himself, however, made a note of the difference in 
behavior of sodium orthophosphate and the pyrophos- 
phate which like the metaphosphate is poisonous. He 
sought to explain this difference by attributing- it to 
greater hydrolytic dissociation, resulting in the liberation 
of a larger amount of free alkali. But this explanation 
will not hold. Differences similar to those found in the 
phosphoric acids also occur in the case of the vanadic acids. 

Blake's negative results never referred to the halogens 
and cyanogen, although their specific effects are in- 
contestable. According to Bouchardat and Cooper,^ 

iWohlwill, Arch. exp. Path. Pharm., 56, 404 (1907). 
2Shumoff-Sieber, Bioohem. Ztr., 2, 190 (1906). 
' Frankel, Arzneimittelsynthese, 2d Ed., p. 5. 
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the general tendency with the halogens is a diminution 
of effect with increase of atomic weight. But the rela- 
tionship is different in the case of the sodium salts. 
For here the fluoride is most poisonous. Then follow 
in order the iodide, bromide and chloride. Their com- 
parative toxicity may be judged by the following toxic 
doses: fluoride, .02 gm.; iodide, 8 gms.; bromide, 10 
gms.; chloride, 40 gms. 

There is an essential difference in action between the 
halogen salts and the sulphates in that the former are 
easily resorbed, while the latter are resorbed only with 
decided difficulty with the result that the sulphates 
exhibit a specific saline action in the form of a purgative 
effect. 

According to Pauli ^ all ions act upon albuminous 
substances, but there is an antagonism or opposition 
between the two kinds. The kations precipitate such 
substances, while the anions exhibit a counter effect. 
The purgative action is related to this capacity for 
precipitating albumin. Thus, the purgative effect in- 
creases from the slightly astringent and laxative alkali 
salts to the heavy metal salts, which cause caustic and 
gastroenteritic effects.^ Among the anions themselves 
also, the counterprecipitation and accordingly the anti- 
purgative tendency varies, the halogens being most 
active in this respect. And of the halogens iodine is 
most effective, although it is exceeded by sulphocyanide. 

For salts of the alkaline earths the anions can be 
arranged in the order of the counter precipitation effect 
as follows: SCN>I >Br>N03>Cl >C2H302. For 
salts of the alkalies the arrangement is reversed, viz.: 
C2H302>Cl>N03>Br>I>SCN. The kations may be 

1 Pauli, Munch, med. Wochschr., 50, No. 4 (1903). 

2 Hofmeister, Arch. exp. Path. Pharm., 24, 247 (1888). 
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arranged in the order of their precipitating power as 
follows: Mg>NH4>K>Na.i 

But we must remark here that the total specific 
action upon the organisrn does not necessarily accord 
with the ion effect. This is strikingly illustrated by 
the action of alkaline earth ions in regard to the SCN 
action. The alkaline earths are not themselves precip- 
itants. Nor are the sulphocyanides of the alkalies. 
Yet the two acting together will cause precipitation 
of proteids. In living animals that have been moderately 
dosed with sulphocyanides a subsequent dosage of 
barium causes an acute sulphocyanide poisoning, while 
strontium causes a hardly perceptible increase in the 
sulphocyanide action and calcium has no effect at all.^ 

In some other poison effects polyvalent kations can have 
an action antagonistic to that of the monovalent kations. 

A certain concentration of sodium ions is necessary 
for the contractive action of frog muscles,^ the Medusa 
Gonionemus * and fibers or strips of the heart muscle 
of Chrysemis Marginata.^ But if the sodium ions (or 
in their place lithium, rubidium, or calcium ions) alone 
are present, then they have a poisonous effect. If 
frogs' muscles are suspended in a pure 7 per cent solu- 
tion of sodium chloride, they attain in about an hour 
a state of rhythmic spasms or convulsions that con- 
tinues for twenty-four hours or longer.^ Teleostier Fun- 
dulus and its impregnated eggs die quickly in a pure 
sodium chloride solution on account of the osmotic 

iPauli, Hofmeister's Beitr., 5, 27 (1904). 

" Pauli and Frohlioh, Wien Akad. Ber., 115, III, Abt., June, 
1906. 

« Overton, Pfluger's Arch., 92, 115, 346 (1902). 

< Loeb, Am. J. Physiol., 3, 383 (1900). 

'Lingle, ibid., 4, 266 (1900). 

oLoeb, Festsohr. fur Pick (Beitr. z. Physiol.), p. 101 (1899). 
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pressure of the sea water.^ Gonionemus likewise stands 
a diminution of osmotic pressure better than a pure 
NaCl solution of normal pressure. This poisonous action 
of the sodium ions can be overcome by the addition 
of comparatively small amounts of trivalent kations. In 
the case of Fundulus and Gonionemus the poisonous 
effects are wholly destroyed by Ca, Ba, Sr, Mg, Pb, 

n n 

Co, Fe, Zn, Mn, Cr, Al, while they are in part removed 
II II 

by U and Th. There is no such action at all by Hg, 
III 

Cu, Cd, Ni, and Fe.^ In the case of the frog muscles, 
the rhythmical convulsions or spasms are not stopped 
by Ba, Zn, Cd, and Pb, but they are stopped by K, 
notwithstanding the fact that it is monovalent.^ And 
further, in the case of Fundulus and Gonionemus, the 
presence of K ions is necessary, besides that of the 
divalent ion for a complete restitution of the normal 
function. The reason for this necessity of a definite 
equilibrium of ions must probably be found in the action 
of the ions upon those colloids which are necessary for life.* 
Herbst® makes the observation that for the develop- 
ment of the eggs of Fundulus Mg ions are necessary as 
well as Na, K and Ca. Furthermore, he finds that the 
anions are not negligible, since chlorine, sulphuric acid, 
and carbonic acid ions are also necessary. To a lim- 
ited degree, however, substitution of these ions by 

1 Loeb, Am. J. Physiol., 3, 327 (1900); Pfluger's Arch., 80, 229 
(1900). 

2 Ibid., Am. J. Physiol., 6, 411; Pfluger's Arch., 88, 68 and 93, 
246 (1902). 

' Ibid., Pfluger's Arch., 91, 248 (1902). 

» Hoeber, Biochem. Zentr., 1, 497 (1903) ; Hoeber and Gordon, 
Hofmeister's Beitr., 5, 432 (1904). 

6 Herbst, Arch. f. Entwickl. Mechanik, 17, 306 (1904) . 
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chemically related ones may be made. Thus, for exam- 
ple, S2O3 may to some extent be used to replace SO4, 
Br to replace CI, and Rb or Cs for K. Moreover, in 
some processes a certain excess of hydroxyl ions is 
necessary. 

The hsemolytic action of human blood serum is un- 
affected by the addition of sodium chloride, potassium 
chloride, or hthium chloride, but it is destroyed by 
salts of the alkaline earths and also by an N/8 con- 
centration of potassium sulphate.^ 

Mathews^ emphasizes the importance of both ions, 
but interprets the results as a consequence of the dif- 
ferent solution pressures and not of the different valences. 
According to his theory the poisonous effect of any 
given salt is inversely proportional to the sum of the 
solution pressures of the ions. 

In interpreting the results of such investigations we 
must always consider that the poisonous effect of some 
salts may be prevented by a certain saturation of the 
cells with other and harmless salts. Thus, according 
to Lesne and Richet fils,^ sodium chloride administered 
either simultaneously or previously protects the organ- 
ism to a very considerable degree from the injurious 
effects of potassium iodide, ammonium chloride, and 
even of some salts of alkaloids. But this does not 
hold true for all salts, and in many instances no appre- 
ciable results could be found in this direction.* 

We must also bear in mind that a tolerance already 

'Hektoen, Zentr. Bakteriol., 35, 357 (1904). 

'Mathews, Am. J. Physiol., 10, No. 6 (1904); compare Pond, 
ibid., 19, 258 (1907). 

^ Lesne and Richet fils, Arch, intern, pharmacodyn., 12, 237 
(1903). 

<Lesne, Richet fils and N06, Soc. biol., 57, 99, 238 (1904). 
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established in the organism which is being used for 
experimentation on the effects of various inorganic 
salts, plays a very important part in the results obtained. 
To this fact, perhaps, may be attributed the exceptional 
position of sodium in the series, for this element consti- 
tutes the principal inorganic component of the fluids (or 
humors) of the body. In this connection we may also 
note, that, as we should expect, herbivora can stand potas- 
sium salts far better than can carnivora. In the case 
of calcium, the lower the stage of development of the 
animal kind, the greater is the tolerance toward this 
element. Also it is found that tolerance, for calcium 
is more easily established in youthful individuals than 
in fully developed ones. For all substances which nat- 
urally occur in the organism there may be assumed a 
certain initial value or concentration which must be 
passed before the effects are really comparable or meas- 
urable. 

Quite in agreement with the assumption of ionic 
effect or action in these physiological studies is the great 
importance of the degree of dissociation which is very 
decidedly pointed out by the investigations of Dreser ^ 
and of Kronig and PauP upon the bactericidal action 
of mercury salts. 

From all this discussion it is self-evident that the 
action of the individual elements is very largely de- 
pendent upon the form of combination in which they 
act. The powerfully toxic effect of free phosphorus 
disappears at once when the substance is combined with 
oxygen, as even phosphorus suboxide is entirely lack- 
ing in toxic effect.^ Arsenic is most toxic in its hydro- 

1 Dreser, Arch. exp. Path. Pharm., 32, 456 (1893). 

2 Kronig and Paul, Zeitschr. physik. Chem., 21, 414 (1896). 
» Kobert, Therap. Gegenw., 5, 59 (1903). 
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gen compounds and oxygen compounds, the trioxide 
having, of course, a particularly intense effect. The 
phosphonium and arsonium compounds have essentially 
the curare-like action of the organic quarternary am- 
monium salts. Finally, the compounds of the cacodyl 
type produce a characteristic arsenic effect proportional 
to the ease with which the organism can oxidize them 
to arsenic trioxide. '^ 

The complex ions containing cyanogen with iron have 
an action not at all similar to their action as more 
simple ions. This point is clearly shown by the fer- 
rocyanides, ferricyanides, and sulphocyanides. Further- 
more, the different action of a single element with different 
valences may find its explanation in the difference of 
the corresponding ions. 

Above all, although the ionistic conception has been 
sufficiently justified by other experiences, we must men- 
tion the difference in behavior ordinarily to be looked 
for when an element is bound up in organic non-elec- 
trolytes. The specific action of an element in such a 
condition can only be expected after its transition into 
the ionic state, and, therefore, it must generally come 
into play in a slow, mild, and continuous manner. 

An example of such an effect has already been men- 
tioned in the discussion of the cacodyl compounds. 

The same explanation seems to hold in the case of 
compounds which have been recently accepted and 
much used of the type of p-aminophenyl arsinic acid. 
This substance is found in trade under the name of 
Atoxyl, and was formerly erroneously supposed to be 
meta-arsenous acid anilide. 

While we are discussing the organic arsenic compounds 
it may not be out of place to devote some space to a 
iKobert, I.e.; Martinet, Bull. gen. Therap., 155, 70 (1908). 
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consideration of a little of their history, and the path 
which has led to that most recent compound which 
has caused tremendous excitement even outside the 
scientific world — salvarsan. 

As early as 1837 Bunsen observed that cacodylic acid 
seemed to be less toxic (for frogs) than inorganic arsenic 
compounds. But Lebahn showed in 1869 and H. Schulz 
in 1879 that cacodylic acid, dimethyl arsinic acid 
(CH3)2AsOOH and also diphenyl arsinic acid are deadly 
poisons for warm-blooded animals, although slower in 
action than the inorganic arsenic compounds. Hefter, 
Robert, and others arrived at the conclusion that such 
compounds act in proportion to their mineralization in 
the organism. There were various such compounds pre- 
pared and introduced for use; but the one which served 
as the starting-point for Ehriich's investigations is the 
afore-mentioned Atoxyl. It was soon observed that the 
various compounds prepared did not act entirely as if 
their effect depended upon mineralization alone. In fact, 
they were observed to have specific effects against infec- 
tious diseases. This was first observed in the case of 
trypanosome diseases. Thereupon arsenic returned to 
the first application which it had as a popular remedy 
against recurrent fevers or malaria. Its usefulness against 
sleeping-sickness and other trypanosome diseases was 
determined in the French colonies by Laveran and Mesnil. 
Thomas, and later Robert Koch used atoxyl for com- 
bating the sleeping-sickness. A serious hindrance to 
its usefulness, however, was the pronounced side-effects 
and the slowness and uncertainty of the cure. It was 
then to be hoped that the effect upon the parasites 
might be increased and the effect upon the host de- 
creased. The necessary changes in the constitution of 
atoxyl were made clear when Ehrlich and Bertheim 
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discovered that the constitution ascribed to atoxyl was 
incorrect and that it is the mono-sodium salt of the long- 
known p-aminophenyl arsinic acid, NH2C6H4ASO3H2, 
which is designated arsanilic acid. The first step in 
the variation of amino compounds is usually to introduce 
acid radicles. The introduction of acetyl gave a prep- 
aration called arsacetine, the sodium salt of acetyl arsan- 
ilic acid. This was effective and little toxic for some 
animals, particularly mice; but was not suitable for 
use upon man. A better compound was found when 
the acetyl radicle was attached to the amino group 
by means of the methyl instead of carboxyl. This 
gave arsanilacetic acid, ASO3H2C6H4 — NHCH2COOH. 
It was then found that trypanosomes in vitro were not 
killed by this compound, but by its reduction products, 
and that probably, as in the organic compounds of 
pentavalent arsenic, the real effect is due to a reduction 
in the organism to trivalent arsenic. Among such tri- 
valent arsenic compounds which were found to be power- 
ful against protozoa, but only slightly toxic for the 
higher organisms are the derivatives of amino-phenyl- 
arsen-oxide, NH2 — C6H4 — AsO, and derivatives of diam- 
ino arsenobenzol, NH2 — C6H4 — As = As — C6H4 — NH2, 
particularly arsenophenyl glycine. 

As— C6H4— NH— CH2— COOH 

II 

As— C6H4— NH— CH2— COOH 

The next step that was taken was a further introduction 
of substituents in the benzol ring. It was found that 
ortho substitution of most groups impaired the effect; 
but halogen increased it. About the next advance was 
to try some of the trypanocides upon spirillse diseases. 
Atoxyl was tried upon cases of syphilis. Its close 
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derivatives were also tried, but in general the side effects 
are too great, compared with the advantageous action. 
The benzol sulpho derivative of atoxyl, however (which 
is called Hectine), and the mercury salt of arsanilic acid 
are said by some to be effective. It was next found 
that a powerful spirillocide was obtained by replacing 
with hydroxyl the amino group of di-para-aminoarsen- 
obenzol. This gives para-arsenophenol. Then the most 
effective substance was found by introducing amino 
groups in the ortho position to the hydroxyls in arseno- 
phenol. This gives dioxy-di-amino-arsenobenzol, whose 
hydrochloride is Salvarsan. 



=As 



H2NI 



/\ 



NH2 



OH 



This compound is prepared by the nitration and 
subsequent reduction of para-oxy-phenyl arsinic acid, 
which is formed directly from phenol and arsenic acid. 
It was hoped and at first supposed that in this sub- 
stance we had an agent which at one fell stroke could 
kill all the protozoa in the organism, and thus avoid 
the possibility of some of them becoming immune. 
But results have seemed to show that in some cases 
either some spirochetae are relatively immune to the 
arsenic from the start or they are protected from its 
action by their location. Doubtless there are many 
cases that are promptly and permanently cured by 
salvarsan, as there are also many that are curable by 
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mercury. In other cases, perhaps it is necessary to 
adopt a method previously indicated by Ehrlich — namely, 
that of combination therapy. 

The disadvantages, which occasionally accompany the 
use of salvarsan are attributed by Ehrlich to its in- 
stability toward atmospheric oxygen. Neosalvarsan is 
the result of an attempt to avoid this deterioration due 
to the attack of oxygen. Salvarsan was combined with 
sodium methanal sulphoxalate. This compound dis- 
solves readily in water with a neutral reaction to litmus, 
seems to be less toxic and more easily tolerated than 
salvarsan, and produces less injurious side effects. 

In cases where the element itself in non-ionized form 
is active, as for example in the case of iodine, it seems 
that the effect is dependent upon a dissociation or 
breaking down into elementary form, which is somewhat 
similar to ionization. 

But sometimes it seems to be just certain organic 
compounds of inorganic elements that exercise a peculiar 
and specific effect. In such cases, of course, for the 
attainment of this particular effect, the use of such 
compounds is from the beginning clearly indicated and 
to be expected. For example, such is pre-eminently 
the case for many iodine compounds. After a sub- 
stance containing iodine had been extracted from the 
thyroid gland and had been recognized as its active 
constituent then iodothyrine, iodogorgonic acid, etc., 
obtained from this secretion were used to obtain the 
specific effects desired. 

The advantages of the halogenized fats (lodipine, 
Bromipine), and of the salts of the halogenized fatty 
acids (Sajodine, Sabromine) may be due essentially to 
their milder and long continued action on account of 
the necessity for a preliminary ionization. There is, 
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however, the possibility that their advantage may be 
dependent upon a condition more favorable to resorp- 
tion and assimilation. Such favorable conditions for 
assimilation have also been assumed to hold for organic 
iron compounds and also in various compounds through 
which phosphorus is introduced into the organism. 
Through such an assumption a special importance or 
efficiency has been claimed for the lecithins, glycero- 
phosphoric acids, and particularly for Phytin, which 
is a double calcium and magnesium salt of anhydro- 
oxymethylene-diphosphoric acid. Whether or not all 
these assumptions will hold must be considered to be 
still an open question. 

It is undoubtedly possible to cause the metals to 
penetrate further into the tissues if they are in com- 
bination in organic molecules than if they were in the 
form of electrolytes, because of the precipitating effect 
that such electrolytes have upon albuminoids. Thus, 
they may be employed to obtain results in otherwise 
unreachable places.^ The importance of many com- 
pounds of this class depends upon this property or 
ability for penetrating the tissues in an unprecipitated 
condition. In this connection may be mentioned as 
an example the wide use of certain organic silver com- 
pounds such as Argyrol. 

A special place in the science of medication is occupied 
by colloidal solutions of the metals. Since all influence 
of the anions is eliminated in such a case we may per- 
haps expect a particularly clear and undisturbed effect 
of the kations. It cannot yet be decided whether it 
is upon this fact that the professed great efficacy of 
these solutions in infectious diseases depends, or whether 
there is at the same time a catalytic effect. 

» Compare Pauli, Wien. klin. Wochschr., 17, 558 (1906). 
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At all events it is quite certain that all varieties of 
metal colloids are not equivalent. Luzzatto ^ has made 
tentative experiments upon the influence of various 
coUoids upon the resorption of medicinal substances. 
1 Luzzatto, Arch, fisiol., 1905, II, 10. 
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Aliphatic Series 

According to Lauder Brunton and Cash, hydrocar- 
bons act quite generally upon the nerve centers. In 
the aromatic series this action is principally confined 
to the motor centers, while in the aliphatic series it 
affects essentially the sensory centers. In the case of 
the aliphatic series there is a very pronounced narcotic 
and anaesthetic effect, whether the application is sub- 
cutaneous or by inhalation. According to a law pro- 
pounded by Richardson^ this effect increases (in the 
paraffine series) with the increase in carbon content 
of the molecule. Coincident with this narcotic effect, 
and in marked contradistinction to that caused by 
substances of the morphine group, there is observed a 
reduction of the reflex excitability. 

Naturally the increase in effect of the members of the 
series with increase of carbon content finds its limit 
in the physical properties of the substances. The high 
boiling parafiines of high molecular weight are practically 
without any action on the organism. This is easily 
understood, since substances of the paraffine series are 
hardly capable of resorption and consequently their 
entry into the organs is possible only by evaporation, 
and is therefore dependent upon their vapor tension. 
' Richardson, Med. Times and Gaz., 1871. 

43 
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For a given carbon content unsaturated hydrocarbons 
act more powerfully than saturated hydrocarbons. Thus, 
for example, ethylene is much more active than ethane. 
In this connection we must observe that the double 
bonds in a cyclic system have less effect upon the in- 
tensity of action than do the double bonds in an open 
chain. 

For example, let us consider the three hydrocarbons, 



Pentane, 


CH3 CH2 CH2 CH2 CHs 


Pental, 


CH3. 

>C=CH— CH3 
CH3/ 


and, 






CH=CH. 

1 >CH2 

CH=:CH/ 


Cyclopentadine 





Of the three we find pental to be most active, 
cyclopentadine second, and pentane least active. 

Pental is perhaps the only body of this series which 
has found practical application. And we may remark 
that it exhibits a grouping which has also demonstrated 
its efficiency in other series. This grouping is an arrange- 
ment of alkyl groups about a center. As we shall soon 
note, the ethyl group is in general considerably more 
powerful in its effect than the methyl group. Now then, 
we should expect to be able to increase the activity of 
this body considerably by replacing the methyl by ethyl 
groups and also still further by the replacement of hydro- 
gens by alkyl radicles. 

In its fundamental character the narcotic action of 
the monobasic alcohols and their ethers, neutral esters, 
ketones, aldehydes and halogen derivatives is the same as 
for the hydrocarbons themselves. But the intensity of 
this action varies widely and is quite decidedly deter- 
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mined by the nature of the compound and the sub- 
stituting group or element. 

The halogen derivatives, and particularly the chlorine 
derivatives, show a very considerably greater hypnotic 
action than do the hydrocarbons. This increase in 
power depends, in the first place, upon the halogen 
content and is proportional to it. Thus, methane has a 
barely perceptible narcotic action. Monochlormethane 
is weakly narcotic, dichlormethane is still more powerful, 
and chloroform and carbon tetrachloride, as is well 
known, are both very powerfully active. Other effects 
besides the narcotic action also increase with increasing 
halogen content. 

A depression of the heart and vascular activity is 
hardly noticeable in the case of the hydrocarbon. But 
it is plainly apparent with the halogen derivatives and 
is proportional to the halogen content. Thus, Zoepffel ^ 
found that the pulsations of a frog's heart were stopped 
after the administration of chloroform in only one- 
fourth the molecular concentration that was necessary 
for the same effect with dichlormethane. 

Dichlormethane and carbon tetrachloride do not fall 
perfectly into the series because they produce powerful 
side-effects, manifested by convulsive spasms of such 
violence that the narcotic action is forced into a position 
of secondary importance. This special action, also, 
bears a definite relation to constitutional differences in 
composition. For, if we conceive of the halogen deriv- 
atives of the hydrocarbons as being the halogen acid 
esters of the corresponding hydroxyl bodies, then, as 
Brissemoret ^ showed, we can find a concordance between 
the actions of the hydroxyl compounds, as well as their 

'Zoepffel, Arch. exp.'Path. Pharm., 49, 89 (1903). 
' Brissemoret, Bull. g6n. Therap., 153, 657 (1907). 
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alkyl ethers. Thus, formaldehyde and its acetals cor- 
respond to dichlormethane, while we have carbonic 
acid and its esters corresponding to carbon tetrachloride. 
Upon examining the other two classes of compounds, 
we find that methyl alcohol and methyl ether corre- 
sponding to monochlormethane, and ortho formic acid 
and its esters corresponding to chloroform, are, without 
exception, real anaesthetics or hypnotics. 

In the ethane series there are additional differences 
to be noticed, and these may be referred to the dis- 
tribution of the chlorine atoms between the two carbon 
atoms. Thus, ethylene chloride and ethylidene chloride, 
although they both have the empirical formula C2H4CI2, 
show certain marked differences in narcotic effect and 
also in side effects. 

The bromine derivatives show actions quite similar 
to those of the chlorine derivatives. Ethyl bromide 
has found application as an inhalation anaesthetic, and, 
although bromoform is not sufficiently volatile for this 
purpose, it has nevertheless been used for mitigating 
the paroxysms of whooping cough. 

According to Binz,^ iodoform taken internally acts as 
a narcotic and hypnotic. Mulzer,^ however, denies that 
this is the case for all animal organisms. Such an action 
was observed by him for dogs, but not for rabbits. But 
there comes strongly into play in the iodine-substituted 
compounds another very important effect, and that is 
their antiseptic action. This has been generally attrib- 
uted to the demonstrable liberation of iodine from the 
compound in the organism.^ 

With the substitution of hydroxyl for a hydrogen in 

1 Binz, Berl. klin. Wochschr., 32, No. 7 (1885). 

2 Mulzer, Z. exp. Path. Ther., 1, 446 (1905). 

'" cf. Schiirhoff, Arch, intern, pharmacodyn., 14, 427 (1905). 
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the hydrocarbons the conditions become exceedingly 
interesting. With a single substitution we have, of 
course, instead of the hydrocarbon a monatomic alcohol. 
This increases the hypnotic action of the compound 
sufficiently so that these alcohols are practically useful 
hypnotics. In accordance with the Richardson law, we 
find the action to increase with the length of the straight 
carbon chain. So the longer the CH chain is, the greater 
will be the increase in hypnotic effect when the monatomic 
alcohol is formed. Furthermore, the secondary alcohols 
show a greater hypnotic effect than the primary alco- 
hols, and the tertiary alcohols exhibit a still more power- 
ful action. In these latter, particularly even more than 
in the secondary and primary alcohols, there is to be 
observed a specific influence of the ethyl group. For 
example, it requires the administration of as much as 
4 gms. of trimethyl carbinol to induce sleep, while even 
2 gms. of ethyl-dimethyl carbinol will induce a sleep 
lasting from eight to nine hours. And the adminis- 
tration of only 1 gm. of tri-ethyl carbinol induces ten 
to twelve hours of sleep.^ But the practical applica- 
tion of this latter substance for its hypnotic effect is 
precluded, because of the side-effects consisting of dif- 
ficulty in breathing when doses as large as 1 gm. are 
used and a powerful excitation for lesser doses. Thus, 
for practical purposes, the ethyl-dimethyl carbinol is the 
only one of these substances available for inducing sleep. 
This rather specific influence of the ethyl group which 
we shall- later notice repeatedly seems to depend upon 
the fact that it has a special relationship to the 
nervous system. This has indeed been shown to be the 
case by color experiments of Ehrlich and Michaelis.^ 

' Sohneegans and v. Mering, Therap. Monatsh., 1892, 331. 
' Leyden-Festschrift. 
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They showed that nerves were colored by dyes con- 
taining diethylamino groups, while they were not so 
affected by the corresponding methyl compounds. We 
must remark here, however, that this peculiarity of the 
ethyl group holds only in comparisons with the methyl 
group. Propyl groups we shall find equivalent to, or 
even stronger than ethyl groups in a given series. But 
we also find that the alkyl compounds of higher molec- 
ular weight are excluded from practical application — 
not because their narcotic effect is too weak, but because 
their undesirable secondary effect is too strong. Thus, 
it appears from an investigation by Rather ^ that we 
have the following relative toxic values as measured 
by the paralysis of conductivity for centripetal stimulus 
in a frog. 



Point of stimulation. 


CHiO 


CHsO 


CaHsO 


CtHioO 


CsHigO 


Ischiadicus 

Cornea 

Foot 


1 
1 
1 


3 
3 
2 


18 

30 

5 


36 
90 
20 


120 

225 
50 







There is likewise found a regular increase in action 
from methyl to ethyl to propyl alcohols in their action 
upon ciliated tissue and motor nerve fibers ^ on the 
development of moulds ^ and of sea urchin eggs.* 

In regard to that part of the influence which is due 
to the physical properties of the substance, we must 
refer to the general part of this work. 

We have already noted that the substitution of hydro- 

' Inaugural-Dissertation Tubingen, 1905. 

2 Breyer, Pflilger's Arch., 99, 481 (1903). 

' Iwanhoff, Zentr. Bakteriol. (II), 13, 139 (1904). 

« Fuhner, Arch. exp. Path. Pharm., 59, 1 (1908). 
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gen by halogen in the hydrocarbons increased the nar- 
cotic power of the compound. The same condition 
holds in the case of alcohols. 

As a practical result of this knowledge we find a product 
put upon the market by the Elberfeld Farbenfabriken 
under the name of Isopral. This is trichlorisopropyl 
alcohol. 

When several hydrogen atoms of the hydrocarbon 
are substituted by hydroxyl groups we must distinguish 
two different sorts of results. In the first place, if the 
substitution takes place on the same carbon atom, 
then the narcotic effect is either maintained or strength- 
ened. The aldehydes and ketones (if we disregard their 
other properties) are decided narcotics. The same thing 
is true, as we have already mentioned, for ortho formic 
acid, acetic acid and their esters. But if the substitu- 
tion takes place on different carbon atoms the result 
is different. For the polyatomic alcohols as well as 
the oxyaldehydes (aldoles) and the oxyketones are 
lacking in hypnotic power, and this lack of power is 
proportional to the number of hydroxyl groups present. 
But the accumulation of alkyl groups about the carbon 
atoms which bear the hydroxyl groups seems to effect 
a compensation, or neutralizing of the action of the 
hydroxyl groups. Thus, some pinacones have been 
found to be active. Here again the favorable influence 
of the ethyl groups is clearly noticeable. For example, 
the dose of methyl pinacone, 

GHsv /CH3 

>C(OH)— G(OH)< 
GH3/ ^GHs 

required to produce sleep is 10 gms., while only 2 gms. 
are required in the case of methyl-ethyl pinacone, 
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CH3.. /CH3 

- >C(OH)— C(OH)< 
G2H5/ ^CaHs 

and finally, only 1.5 gm. of ethyl pinacone, 

C2H5s^ JG2H.5 

>C(OH)— C(OH)< 
C2H5/ ^GzHs 



In general, the effect of the hydroxyl group remains 
unaltered or at most only slightly modified when an 
alkyl group is substituted for the " typical " hydrogen 
atom, although such a substitution causes the sub- 
stance to be more resistant toward the organism. Thus, 
in a very general way we can see a similarity in the 
action of ethers and acetals to the action of their funda- 
mental compounds. But there is a series of important 
exceptions to this general rule which, however, concern 
chiefly the compounds of the aromatic series. 

Aldehydes and Ketones 

Even acetaldehyde shows a distinctly hypnotic action. 
This effect is exhibited in a greater degree by the poly- 
meric paraldehyde (C2H40)3 which at the same time 
causes less preliminary excitation than the simpler body. 
The acetals are feeble sleep producers, and there is no 
appreciable difference in this respect between methylal 
and the ordinary acetal. Analogous to the difference 
in behavior of acetaldehyde and paraldehyde is the dif- 
ference between the corresponding sulphur compounds, 
thioaldehyde and tri-thioaldehyde. 

The influence of the substitution of halogens is again 
very prominently shown in these compounds. Tri- 
chloracetaldehyde, (Chloral) or rather, Chloral hydrate. 
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which is easily formed by the addition of water, is a very 
strong narcotic. It was Liebreich who introduced this 
first synthetic therapeutic agent (chloral hydrate) and 
thereby gave a tremendous impulse to the modern 
synthesis of such substances. He thought that its action 
was dependent upon the splitting off of chloroform, 
a reaction which is easily accomplished outside the 
organism by means of alkaline liquids. Accordingly, 
he considered as useful hypnotics all those compounds 
which have three chlorine atoms, firmly enough bound 
to one carbon atom to make possible the formation 
of chloroform. Although this hypothesis resulted in 
such a beautiful practical success, it can hardly claim 
any advocates to-day. For it is very questionable 
whether there are at all appreciable quantities of chlor- 
oform produced in the organism from chloral hydrate. 
The larger part of it, as von Mering has showed, is 
converted into trichlorethyl alcohol, which conjugates 
with glucuronic acid, with the resultant formation 
of urochloralic acid or trichlorethylglucuronic acid 
(C2C13H2-C6H907). Trichlorethyl alcohol itself acts 
exactly like chloral. On the other hand, the trichlor- 
acetic acid obtained by the oxidation of chloral is said 
to be without hypnotic properties. Although there have 
been observations to the contrary, they have been at- 
tributed to impurities in the sodium trichloracetate 
used, a substance which it is exceedingly difficult to 
obtain in a pure state. Now trichloracetic acid will 
split off chloroform as easily as will chloral, and under 
similar conditions. So Liebreich's hypothesis must be 
considered untenable. 

Chloral has certain disagreeable effects, especially an 
irritant action which depends upon the presence of the 
aldehyde group. Therefore, it was natural to make 
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use of the capacity of this group for easy reaction and 
to prepare compounds which it was hoped would be 
devoid of these disagreeable side-effects. Such a series 
of derivatives has been made, and the results of an 
examination of these substances are interesting because 
they support the assumption that the aldehyde group 
participates in the action of chloral hydrate. For of 
these derived bodies the only ones which had the desired 
hypnotic action were those from which chloral could 
be easily reproduced. The more stable ones were not 
only less active as hypnotics, but were often strongly 
toxic. The result is that attempts in this direction have 
been fruitless, for in those cases where the desired hyp- 
notic effect was attained the undesirable action of chloral, 
especially the effects upon the heart and respiration, 
was correspondingly pronounced. There are, however, 
some of the compounds which have the advantage of 
avoiding the disagreeable effect upon the stomach, 
because the chloral splits off in the lower parts of the 
digestive tract. We may thus classify the following 
from the compounds which have been prepared : 
1. As sufficing for hypnotic effect: 

Chloralamide, CCI3— CH(OH)— NH— CHO, or more 
correctly chloral formamide, splits off chloral hydrate 
slowly in the organism.^ 

Chloralose or anhydro-gluco-chloral is a condensation 
product of chloral and glucose.^ 

The poison effects quite recently observed in the use 
of this substance are said to be due to the fact that 
there is formed beside the useful chloral, varying amounts 
of another substance, parachloralose, which has no 
hypnotic action, while it does produce nausea, rise in 

1 V. Mering, Therap. Monatsh., 1889, 665. 
*Heffter, Ber., 22, 1060 (1889). 
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temperature, and a subsequent subnormal tempera- 
ture.i 

Very similar to this seems to be the case in the con- 
densation products of chloral with pentoses.^ 

Dormiol or dimethyl-ethyl-carbinol-chloral is a con- 
densation product of chloral and amylene hydrate.^ 
Hypnal or monochloral antipyrine* 

Compounds with the ortho forms, as 

Chloran, an addition product of acetone-chloroform 
with chloral, 

/OH 
CCI3— CO— €eCH2— CCI3. 
\CH3 

2. As insufficient for hypnotic effect: 

Chloral ammonium, or trichloraminoethyl alcohol, 
CCl3-CH(NH2)OH.5 

Chloralimide, CCl3-CH=NH. 

Chloralcyanohydrate, CCl3-CH(0H)CN, which de- 
composes with difficulty with the formation of hydro- 
, cyanic acid. 

Chloral acetone, CCl3-CH(OH)-CH2-CO-CH3.6 

Monochlorurea and dichlorurea. 

Chloralurethane, CCI3 • CH(OH)NH • CO2 • C2H5. 

Chloral acetophenone , CCl3-CH(OH)-CH2-CO-C6H5, 
which is converted in the organism to trichlorethylidene- 
acetophenone, CCI3 ■ CH=CH • CO • CeHs. 

Chloral acetophenoneoxime. 

Of the higher homologues of chloral the butyl chloral, 

1 Mosso, Chloralosio e Parachloralosio, Genoa, 1894. 

' Henriot and Richet, Semaine m(5dic., 1894, No. 70. 

' Fuchs and Koch, Munch, med. Wochschr., 1898, No. 37. 

* Hertz, Therap. Monatsh., 1890, 243. 

' Nesbitt, Therap. Gaz., 1888, p. 88. 

^Konigs, Ber., 25, 794 (1892). 
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CC13-CH2-CH2-CHO, acts very much like ordinary 
chloral. A condensation product of this body with 
pyramidone which, put upon the market under the 
name of Trigemin, has been recommended by Overlach 
for use in cases of neuralgia, especially neuralgia of the 
trigeminus. 

The ketones in general possess hypnotic properties, 
which appear most distinctly and prominently empha- 
sized above the side-effects when there is an ethyl group 
in the compound. Thus, dimethyl ketone causes, coin- 
cident with a hypnosis like that observed in drunk- 
enness, an excitation of the heart and a subsequent 
paralysis of the central nervous system. But diethyl 
ketone is a real and correct sleep producer with no 
effect whatever on the heart action. Similar, but less 
pronounced, is the action of dipropyl ketone. The 
aromatic ketones, such as benzophenone, act less power- 
fully than the aliphatic ketones, and, ranking between 
the two in physiological activity, as we should expect, 
are the mixed ketones of the type of acetophenone. 
And in this series of compounds the intensity of the 
action is essentially determined rather by the nature 
of the aliphatic component group than by the aromatic 
group. According to Fuchs and Schultze ^ the ketoximes 
are more intense in hypnotic action than the related 
ketones; but they have at the same time a harmful 
effect upon the digestive system. 

Acids and Their Derivatives 

The fatty acids exhibit a hardly perceptible narcotic 
action. Here, as in other cases, the carboxyl seems to 
reduce the effect of the compound. For when this 

» Fuchs and Schultze, Mtinch. med. Wochschr., 51, 1102 (1905). 
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group is replaced, as by an alkyl or by an amide group, 
the action is again more pronounced. There is to be 
observed in this case, again, within certain limits, an 
increase of effect with increased carbon content. Thus 
for example, certain esters and amides of valerianic 
acid are more active than the corresponding derivatives 
of acids of lower molecular weight. Hans Meyer ^ was 
the first to establish in the case of the aliphatic acid 
amides the fact that their physiological activity in- 
creased with their molecular weight and that at the 
same time the compounds increased in solubility in ether 
and fat. According to Harrass,^ the administration of 
amides is accompanied not only by a narcotic effect, 
but also by phenomena similar to the spasmodic cramps 
caused by ammonia, which latter, however, are cer- 
tainly not due to the ammonia component alone. Both 
effects are increased by alkylation on the nitrogen. 
The only compound of this sort that has come into 
practical use is valerianic acid diethylamide, which is 
marketed under the name of Valyl. The introduction 
of aikyl groups upon the carbon atom of acetanilide 
results in only slightly active bodies; but if at the 
same time the third hydrogen atom is replaced by a 
halogen (e.g. bromine) there are formed some very 
effective sleep producers, such as diethylbromacetamide, 
ethylpropylbromacetamide, and dipropylbromacetamide. 
The diethyl compound, 

C2H5\ 

CgHs-^C-CO-NHa 
Br/ 

is used under the name of Neuronal.^ 

1 H. Meyer, Arch. exp. Path. Pharm., 42, 109 (1899). 

2 P. Harrass, Arch, intern. Pharmacodyn., 11, 431 (1903). 

5 Fuohs and Sehultze, Miinch. med. Wochschr., 51, 1102 (1905). 
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Under the name Adalin there has been introduced 
brom-diethylurea, which is recommended as a sedative 
and mild hypnotic, harmless to the heart and respira- 
ation in therapeutic doses. Such an action could have 
well been predicted for this compound. Although the 
general hypnotic action of the aliphatic compounds 
disappears when carboxyl is introduced, it reappears 
when this group is covered by an alkyl or amide- group. 
Now the two things which increase this effect are the 
accumulation of alkyl, especially ethyl groups, and the 
introduction of halogen. Thus, although di-ethyl-aceta- 
mide, 

C2H5y 

>CH.C0-NH2 
C2H5/ 

is too weak to be therapeutically useful, if bromine is 
introduced in place of the remaining hydrogen, we 
have Neuronal, 

C2HS. /Br 

C2H5/ \CONH2 

which can be utilized as a hypnotic. It is to be noted, 
too, that in general the urea derivatives are more power- 
ful than the ammonia derivatives. Brom-diethyl-acetyl- 

urea, 

CsHs^ /Br 
>C< 



C2H/ "^CO-NH-CO-Nff 



has the same relationship to Neuronal that urea has to 
ammonia. Another representative of the group is Brom- 
ural, which is an a-brom-isovalerianyl urea, 

CH3\ /Br 

)>CH-CH< 
CH3/ \C0NH.C0-NH2 
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This is constitutionally different from Adalin in that 
the bromine is attached to a different carbon atom 
from that which carries the alkyl groups. Now in general 
the methyl groups have less effect than ethyl; but the 
active dose of Bromural is no greater than that of, 
Adalin. 

So we may be safe in saying that the location of the 
bromine seems not to be of great importance— or at 
least there is no one location which is essential. 

These compounds are valuable additions to our thera- 
peutic agents in that they are efficient but mild sleep 
producers without particular anaesthetic action, and are 
said to be well tolerated in cases of cardiac disease. 

In the case of carbamide the alkylation of the nitro- 
gen may result under proper conditions in bodies with 
disti;ictly narcotic properties. As in the alcohol series 
we again see here the significance of the tertiary alkyl 
group. Although ureas into which have been intro- 
duced one or even more primary alkyl groups are lack- 
ing in physiological activity, nevertheless the tertiary 
bodies are strongly active — as for example tertiary 
amyl urea, 

/CH3 
/NHC^CHg 
C0< \C2H5 

^NH2 

and the tertiary heptyl urea which is very similar in 
structure, 

/C2H5 

/NH-C^CaHs 

C0< \C2H5 
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but more powerfully active. The tertiary butyl urea, 
on the other hand, 



.z 



•CH; 



3 



/NH-C^CHg 
'C0< NCHs 

is much less active. Therefore, we notice in these series 
again the influence on the one hand of the accumulation 
of alkyl groups and on the other hand the effect of 
increasing the weight of these alkyl groups. Later we 
shall return for a consideration of the urea derivatives 
of alkylated acids (Veronal group) . 

With the urethanes, H2N-C0-0R we find a narcotic 
effect by action upon the central nervous system with 
the great advantage that all the important body func- 
tions are undisturbed. Again in this series, more notice- 
ably in the lower members, the intensity of effect in- 
creases with the molecular weight of the substituting 
alcohol. 1 The introduction of the acetyl into the amino 
group reduces the toxicity of the compound. The activity 
is greater in certain urethanes of secondary alcohols, 
and again we must emphasize the effect of increasing 
the number of alkyl groups present as, for example, 
in the case of methylisopropylcarbinol urethane, 

/CHs 
HgN— CO— OCH/ /CHs 
\CH/ 

^CHj 

which is sold under the name of Hedonal.^ 

Nitro compounds possess general toxic properties that 
are manifested in different ways. The nitrous acid esters, 

'■ Binet, Rev. m^dic. de la Suisse rom., 1893, 540, 628. 
2Dreser, Wien, klin. Wochschr,, 12, 1007 (1899). 
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which are isomeric with them, are so essentially and char- 
acteristically different in their physiological action that 
this action may be used for purposes of differentiation 
in cases of doubtful isomerism. This characteristic 
action consists of a dilation of the blood vessels. But 
there are observed differences of action which cannot 
be explained by constitutional peculiarities or carbon 
content, and are probably due to varying decomposition 
products. 

Even more marked are the diff'erences in behavior 
observed in isomers of the cyanide compounds. Hydro- 
cyanic acid, which we may consider an isocyanide, 
with perhaps divalent carbon HN^C, is about five 
times as toxic as dicyanogen N=C — C=N; but the 
characteristics of the effect are the same for both — that 
is, paralysis of the respiratory center in the medulla 
oblongata. Closely related to hydrocyanic acid are the 
organic isocyanides (isonitriles or carbylamines) R — N=C 
or R — N=C. According to Calmels,^ methyl isonitrile 
is more poisonous than anhydrous hydrocyanic acid, while 
the ethyl compound shows a decided diminution in 
toxicity, being only about one-eighth as poisonous. 

The nitriles R — C^N, on the other hand, although 
also poisonous, are essentially different in action from 
hydrocyanic acid. Acetonitrile inhibits the reflex exci- 
tation and acts on some animals by inhalation as an 
anaesthetic. Brissemoret ^ states that the only exci- 
tation is in the stomach and intestinal tract. According 
to Verbruegge ^ the toxicity of these compounds increases 
with their molecular weight. , 

iCalmels, Compt. rend., 98, 536 (1884). 
2 A. Brissemoret, Soc. de biol., 60, 54 (1906). 
'Verbruegge, Arch, intern. Pharmacodyn., 5, 161; Reid Hunt, 
ibid., 12, 447. 
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In the cyanic acid compounds and thiocyanic com- 
pounds isomerism does not result in any essential dif- 
ferences of effect. Their action is somewhat similar 
to that of hydrocyanic acid, but very much weaker. 
The derivatives which contain oxygen seem to be more 
poisonous than the corresponding sulphur compounds. 
We may remark here, too, that in some instances the 
esters show toxic effects which are barely perceptible 
or not at all noticeable in the free acids and in their 
metal salts. 

Cyanogen in complex compounds seems to manifest 
its toxic effect only when there is a possibility of splitting 
off hydrocyanic acid in the organism, as, for example, 
in the case of sodium nitroprusside. 

We have repeatedly called attention to the influence 
which the accumulation of alkyl groups has upon the 
sleep-producing effect of substances. We have also 
noted the superiority of the ethyl over the methyl 
group in such compounds. Both of these points are 
again plainly brought out by the action of the group of 
sulphones. Their effect was at first accidentally discov- 
ered by Baumann and Kast ^ but was later subjected 
to a scientific investigation with the following results: 
Monosulphones, such as diethylsulphone, 

/C2H5 
SO2/ 

are inactive. The same is true of disulphones when 

the sulphone groups are attached to different carbon 

atoms, as in the case of ethylene diethylsulphone, 

CH2 — SO2 — C2H5 

I 

CH2 — SO2 — -C2H5 

> Baumann and Kast, Z. physiol. Chem., 14, 52 (1890). 
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But when the two sulphone groups are attached to the 
same carbon atom there is a hypnotic effect, and this 
effect is increased as ethyl groups are added. 
Dimethylsulphonethylmethane , 

shows a slight action, while diethylsulphonethylmethane, 
C2H5N XSO2C2H5 
H-^ \SO2C2H5 

has a powerful hypnotic action, but at the same time 
a toxic effect. This latter effect disappears when the 
hydrogen of the central carbon atom is replaced by an 
alkyl group. 

Dimethylsulphondimethylmethane, 

CH3X /b02CH3 

has practically no hypnotic action, while dimethylsul- 
phonethylmethylmethane, ' 

^2115^ /SO2CH3 



> 



\. 



CH3 SO2CH3 

has a slight effect. The two isomers, dimethylsulphon- 
diethylmethane, 

C2H5y /SO2CH3 

C2H5/ ^SOaCHa 
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and diethylsulphondimethylmethane (Sulphonal), 

CHs. /SO2C2H5 

CH3/ ^SOaCaHs 

act equally powerfully, while diethylsulphonethylmethyl- 
methane (Trional), 

CHs^ /SO2C2H5 

C2H5/ \S02C2H5 

is more powerful and, of course, the strongest of all the 
members of the series is diethylsulphondiethylmethane 
(Tetronal), 

CaHsv^ /SO2C2H5 

>^\ 

C2H5/ ^S02C2H5 

Now, quite in accord with our observations in other series, 
we find again that the replacement of the methyl group 
of sulphonal by alkyl groups coiitaining more carbon 
atoms renders the body more powerfully active. We 
find the n-butyl is more active than iso-butyl. On the 
other hand, the action is arrested by the introduction 
of hydroaromatic a;id of aromatic groups and when two 
aromatic groups enter the same carbon atom, then, ac- 
cording to Hildebrandt,! the compounds become strongly 
toxic. The entrance of carboxyl or an amino group into 
the molecule of sulphonal also checks the hypnotic 
action of the compound, according to Th. Posner.^ 

Particularly interesting is the law proposed by Baumann 
for this series of compounds. He claims that the action 
of the sulphones depends upon the ease with which they 

1 Hildebrandt, Arch. exp. Path. Pharm., 53, 90 (1905). 
" Th. Posner, Chem. Ztg., 29, 1107 (1905), 
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can be decomposed in the organism. But he says that 
this decomposability cannot be tested out in vitro. For 
it has been found that those very members of the series 
which are most easily attacked by chemical reagents 
will pass entirely undecomposed through the organism, 
while, on the other hand, those members of the series 
which are most resistant to reagents in vitro are de- 
composed in the body. 

The Aromatic Series 

In the aromatic hydrocarbons there is only a slight 
indication of narcotic action. Their predominant effect 
is cramp excitant and paralytic. They also cause, 
according to BagHoni,i clonic spasms. These, however, 
are not preceded, as in the case of the phenols, by a 
stage of increased excitation, but on the contrary, by 
a state of profound paralysis. 

Chassevant and Garnier^ established in the case of 
guinea-pigs three predominating symptoms of effect 
upon the nerves. These are cramps, muscle hypo- 
tonism, and hypothermism. Of these, the lowering of 
the heat production is a constant one observed from all 
derivatives, while the two other symptoms are variable. 

In the homologues of this series there is to be observed 
a great variation of the toxic effect, depending upon the 
kind and number of alkyl groups present. Methyl 
benzol (toluol), and ethyl benzol are more poisonous 
than benzol itself; but isopropyl benzol (cumol) is less 
poisonous. Repeated alkylation diminishes the toxic 
effect so that we find, for example, in benzol and its 
methyl derivatives the following rising scale of toxicity: 

1 Baglioni, Z. allgem. Physiol., 3, 312 (1904). 

2 Chassevant and Gamier, Arch, intern. Pharmacodyn., 14, 93 
(1905). 
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Trimethyl benzols (mesitylene, pseudocumol)— >di- 
methyl benzols (xylols)— >benzol—>methylbenzol (toluol). 
Among the xylols the toxic effect rises from the ortho 
to the meta and para compounds. 

Naphthalene causes a retardation of the respiration, 
a depression of the temperature in cases of fever (but not 
normally), an increase of blood pressure in small doses, 
but a reduction of blood pressure in large doses. 

Contrary to the case of the aliphatic series, where 
the substitution by halogens exerted a very powerful 
influence, it is almost without significance in the aromatic 
compounds. 

The introduction of hydroxyl groups in these aro- 
matic hydrocarbons increases the cramp-producing action. 
In some cases, as for example, phenanthrene, it may 
be almost entirely lacking in the hydrocarbon, but ap- 
pear very distinctly in the hydroxyl derivative. At the 
same time, however, there is a change in the point of 
attack or action of the compound upon the organism. 
Benzol affects principally the brain, with a secondary 
action upon the cerebro spinal cord; but the phenols 
have quite the reverse action, affecting principally the 
cerebro spinal cord, while the action on the brain is 
very slight or almost lacking. So the phenols, since 
they increase the excitability of the motor mechanisms 
of the spinal cord, produce clonic spasms. Very large 
doses result further in paralyses (Baglioni). 

Increasing the number of hydroxyl groups in this 
series has the same effect upon this cramp-producing 
activity that it had upon narcotic activity in the case 
of the polyatomic alcohols of the aliphatic series. That 
is, it gradually disappears as the number of hydroxyl 
groups is increased. Thus, the three dioxy benzols still 
cause cramps in frogs; but the trioxy benzols produce 
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only convulsions or spasmodic contractions. On the 
other hand, the substances become much more toxic 
in another direction, which is manifested in a lethargy 
and in tremors. 

Chassevant and Gamier,^ however, state that the dioxy 
benzols are more poisonous than the phenols, while the 
trioxy benzols are less poisonous. According to Meyer,^ 
Phloroglucide, 

OH 

I OH 

C I 

1 CH C CH 

HC/^^SC— c/^^COH 

C CH C CH 

I I • 

OH OH 

is without pharmacod5Tiamic effect. 

The degree of toxicity in the several series depends 
very largely upon the position of the substituting groups. 
In case of the dioxy benzols it rises from hydroquinone 
to resorcine to pyrocatechine. 

In the organism, phenol is converted by synthesis 
into phenol sulphuric acid and phenyl-glucuronic acid, 
and also it condenses with partial oxidation to form 
dioxybenzols (pyrocatechin and hydroquinone sulphuric 
and glucuronic acids). The same is true for the homo- 
logues and substitution products. 

The action of naphthols is entirely analagous to 
that of the phenols. Of the ,oxyderivatives of the 
higher hydrocarbons, those of phenanthrene are of im- 

' Chassevant and Gamier, Soc. biol., 55, 1584. 
2 See Herzig and Cohn, Wien. Monatsch., 29, 677, 
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portance on account of their relationship to the alkaloids 
of the morphine group. As has already been mentioned, 
they cause cramp effects. 

Similar to the behavior of the phenols is that of the 
quinones, as we should perhaps expect from the close 
chemical relationship. According to Brissemoret/ there 
are caused very excitant effects in the alimentary canal 
and on the outer skin by ordinary Quinone, 

C6H4/ 
^0 



Thymoquinone, 



CH3. Jd 

>C6H2<r 
C3H7/ ^O 



and Naphthoquinone, 



<o 



The same is true in the case of the natural product 
Juglon, which is oxynaphthoquinone. 



CioH6(OH)</ 



:0 



Somewhat the same properties are manifested in the 
purgative effects of various anthra-quinone derivatives. 

1 Brissemoret, Soc. biol., 59, 453 (1905); 60, 175 (1906). 
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Chkysophanic acid 
OH CHs 

I CO I 



CO 



OH 

is found naturally in members of Rumex and Rheum 
species, as well as in the Cascara Sagrada. 

There is a closely related body which has found appli- 
cation in various affections of the skin. This is Chrysa- 
robin,! qjj 

OH (^ CHs 




which, being a reduction product of chrysophanic acid, 
can easily be converted into that substance by oxidation. 
A similar relation holds between the related bodies 



Anthrahobin 
OH 



and 



Alizarine 



OH 





I 



\/ 



OH 



\y 



-OH 



O 



1 Hess, Ann. Chem,, 309, 32 (1899). 
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Related to chrysophanic acid are the various emo- 
dines of rhubarb, the aloe species, cascara sagrada, etc. 
Thus the emodine of the Chinese rhubarb has, according 
to Hess ^ the following formula : 




A-^^ 



OH OH 



Brissemoret^ is authority for the statement that the 
essential condition for the action of these oxymethyl 
anthraquinones is the presence of an oxygen atom in 
the quinone binding. Ordinary benzoquinone has a 
purgative effect as has also resorufine. 

O^CeHs/ VeHsCOH) 
^0/ 

Accordingly, there does seem to be a necessity for at 
least one hydroxyl or quinone oxygen. 

Phenolphthalein 

/C6H4OH 
CZ-CeHiOH 



CeHi/^O 
CO 

has, of course, been also found to be an effective pur- 
gative. Even more strongly purgative than the natural 

' Hesse, 1. c. ^ Brissemoret, Soc. biol., 55, 4S (1903). 
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emodines are some of the synthetic polyoxyanthraqui- 
nones. It was found necessary for practical application, 
however, on account of the violent side-effects of these 
substances, to convert them into compounds which are 
only gradually decomposed in the intestinal tract. Thus, 
Purgatine is the diacetyl ester of anthrapurpurine, 



OH 



HO— I 




OH 



Exodine is a mixture of diacetyl-rufigallic-tetra-methyl 
ether, which acts only slightly, vrilh the acetylpentamethyl 
ether, which by itself would have too violent an action. 



Exodine 



OH 



CO 



HO— 
HO— 



—OH 
-OH 



OH 



CO 



Two other substances whose action is so violent that 
it must be moderated for practical application are the 
diacetyl-rufigallic acid and the rufi gallic acid tetra- 
methyl ether. But if the hydroxyls are all completely 
closed by alkyl radicles as in the hexamethyl ether the 
compound is ineffective.'^ 

In this connection we may mention that it is a general 

lEbstein, Deut. med. Wochschr., 31, 55 (1905). 
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phenomenon that a given effect of a compound is dimin- 
ished by the alkylation or acylation of the hydroxyl 
groups. The general effect is, of course, to make the 
compound less active chemically as well as pharmaco- 
logically. Thus we find that guaiacol, 



-OCH3 
-OH 



\/~ 



has an effect similar to that of phenol and pyrocatechol, 
but less poisonous; the maximum dose being for man 
1 gm. in the case of guaiacol and about one-tenth as 
great in the case of phenol. The toxicity, moreover, is 
still further diminished when the second hydroxyl group 
is also alkylated, as in the dimethyl ether Veratrol, 

/^OCHs 
OCH3 



The introduction of acid groups into the phenolic 
hydroxyl does not essentially change the physiological 
character of the compounds as much as one might at 
first expect. The reason for this is that the derivatives 
so obtained are saponified in the organism and the 
hydrojfyl group is again replaced. But the use of com- 
pounds of this sort has the advantage that the active 
substance comes into play gradually, that is, only as 
fast as the saponification proceeds. , Moreover, since 
this saponification takes place for the most part in the 
intestines, the stomach and upper digestive tract are 
protected from any chance secondary effects. 
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In some cases, however, alkylation of the hydroxyl 
group does have the opposite effect. For example, the 
dimethyl ether of resorcine is much more toxic than 
resorcine itself. Dimethyl sulphate is much more toxic 
than sulphuric acid. Such rather exceptional phenomena 
may perhaps be explained by saying that the introduc- 
tion of the alkyl group favors the selection of the sub- 
stance by the sensitive membranes. And in the cases 
which we- are now considering, such a selection must 
depend very largely upon a change in the physical con- 
ditions of the membranes themselves. In some other 
cases, moreover, we may have to deal not only with an 
increase in the main effect, but also with the removal of 
a disturbing influence which a hydroxyl, or particularly 
a carbonyl group, exerts upon the primary action of the 
substance. 

The influence of a carboxyl group quite generally 
appears in a retardation or inhibition of the primary 
effect of a compound. For example, when it enters 
an aromatic hydrocarbon it suppresses the action up to 
the point of causing a constant hypothermic effect, and 
too, it diminishes the toxic effect. If several carboxyl 
groups are attached to the nucleus, or if there are other 
substituted groups on the nucleus with the carboxyl 
group, then the strength of the carboxyl influence depends 
upon the relative position of these groups. This has 
already been shown in the case of the oxybenzoic acids. 
In the dibasic acids the toxicity diminishes from the 
meta to the para, to the ortho compounds, while in the 
toluic acids, according to Chassevant and Garnier it 
diminishes from the meta to the ortho to the para com- 
pounds. 

The sulphonyl group possesses this inhibiting or retard- 
ing influence to a still more marked degree than the car- 
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boxyl group. This is very largely and fundamentally 
the reason for the failure of some compounds which have 
been prepared by introducing the sulphonyl group, in 
order to render easily soluble some effective but difficultly 
soluble substances. 



Hydroaromatic Compounds 

The general effect of ring-formed ketones is a paralysis 
of the central nerve system and the motor nerve terminals. 
The latter are more affected as the size of the ring is 
increased. Thus, the effect increases from pentanone 
or ketopentamethylene (I) to Hexanone or ketohex- 
amethylene (II) to Suberone or ketoheptamethylene 
(III).i 



I 

CH2 
HoC/^CO 



HoC 



CH2 



Ketopentamethylene 



H2C 



II 

CH2 

/\co 



H2CC JCH2 
CH2 
Ketohexamethylbne 



CHo 



H2 



III 

-CH2- 



Ho 



-CH2 
■CH2 



Ketoheptamethylene or 
Cycloheptanone 



CH2 




C-CH3 

Camphor 



' Jacobi, Hayashi and Szubinski, Arch., exp. Path. Pharm., 50, 
199 (1903), 
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Camphor (IV), which is related to ketohexamethylene, has 
a cramp-excitant effect. It also stimulates the muscles 
of the heart to such an extent that it will neutrahze the 
stoppage of heart action by muscarine in the case of the 
frog. In warm-blooded animals camphor also raises 
the blood pressure, even when the vasomotor nerve 
center is paralyzed by chloral hydrate. 



C-CH(CH3)2 
H2C1// XiCHo 




HC\^CO 
CHCH3 
Thujone 

VII 

CH 

H2C/\C(CH3). 
ChI 

CCH3 

Fenchone (Semmler) 



H.C 



H2C 




CH-CH, 



CH 

Fenchone (Wallach) 

VIII 

CH3 

/^H'KcHo 
HaC/NcHa 

HcljcO 

C.CH3 
Carvone 



The behavior of Thujone (V) is similar to that of 
camphor, but Fenchone ' (which according to Wallach 
has the constitution VI but according to Semmler has 
the constitution VII) and Carvone VIII ^ have a different 
action. Carvone is a poison which has a violent cramp- 

' Matzel, Arch, intern, pharmacodyn., 15, 331 (1905). 
» Hildebrandt, Z. physiol. Chem,, 36, 441 (1902). 
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producing action, which may perhaps be attributed to 
the double bond in the ring. A reason for ascribing this 
action to the double bond is that such an effect does 
not occur, for Menthone (IX) which is keto-hexahydro- 
p-cymene, nor for Pulegone X. 



IX 

CHs 

I 

CH— CHs 

I 
CH 

Oc/NcHa 



H2Ck JCH2 
CH 

I 
CHs 

Menthone 



X 

CH3 CHs 

\/ 

C 



c 



oc 
H2C 



CH2 
CH2 



CH 

I 
CHs 

Pulegone 



XI 

CH2 CHs 

\/ 
C 

I 
CH 

HzC^CH 



HC 



2 
CH2 



C 

I 
CHs 

LlMONENE 



Nevertheless we must admit that the carbonyl group 
plays a very essential part in the physiological action, 
for we find only a very slight toxicity in Limonene (XI) 
which is quite similarly constituted except that the car- 
bonyl group is missing. 

Of the camphor derivatives, we find that monobrom 
camphor, as well as the oxidation products formed within 
the organism, show a cramp effect. On the other hand 
we do not find this effect in oxy-camphor. 



\c 



CO 



H(OH) 



which is a reduction product of camphor-quinone 
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CgHi 



<Ao 



nor do we find it in borneol 

yCH2 



'■"■^H. 



OH 



According to Pouchet and Chevalier^ however, borneol 
and its esters (especially the iso-valerianate, which is in 
use under the name of Bornyval) have an effect upon the 
circulatory system similar to that of camphor. We 
find also that when the carboxyl group is introduced 
into this otherwise unchanged molecule with the forma- 
tion of camphor carboxylic acid 

/CH— COOH 

the specific cramp effect is inhibited. It is a very remark- 
able fact that oxymethylene camphor 

/G=CHOH 

shows no cramp effect, but paralyzes the central nerve 
system and heart; but oxyethylidene camphor and 
oxypropylidene camphor again show the typical cramp 
effect. This may be explicable by the fact that the acid 

1 Pouchet and Chevalier, Bull. gen. de Therap., 149, 828 (1905). 
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character of the first compound is vanishing in the 
high homologues.i 
According to Hildebrandt^ Sabinol XII 




CHOH 



Sabinol 

in spite of its close relationship to Thujone (V) has an 
effect different from all the other camphor-like bodies in 
that it causes hsemoglobinuria and methaemoglobinuria. 

In this connection a fact established in several cases by 
Hildebrandt 3 is particularly interesting, because it is 
in contradiction to the condition found in other groups. 
This is the fact that chain-form isomers of cyclic camphors 
are the more powerful. For example we may cite citral 
as compared with cyclocitral, nerol and geraniol as com- 
pared with cyclogeraniol. 

Concerning the influence of stereoisomerism there are 
somewhat divergent opinions. In the case of the stere- 
oisomers of camphor the qualitative similarity of effect 
is universally acknowledged. According to Langguard 

1 Bruhl, Ber., 37, 2179 (1904). 

2 Hildebrandt, Arch. exp. Path. Pharm., 45, 150 (1901). 
' Ibid., Neuere Arzneimittel, p. 145 ff. 
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and Maass * the excitant action of Isevo camphor is 
even greater than that of the natural dextro camphor, 
and racemic camphor is intermediary; but we find a 
more recent statement, and we must confess a more 
improbable statement, by Hamalainen ^ that the racemic 
and dextro forms have nearly the same activity while 
the laevo compound is considerably weaker in effect. 

Inner Disinfection 

As is very well known, the phenols derive a special 
importance from the fact that they exert powerfully 
toxic effects upon the lower life forms (bacteria) , that 
is, a so-called antiseptic action. In order to combat 
infectious diseases, as well as for prophylactic use, 
it would be highly desirable to be able to employ 
powerful internal disinfectants. But the unfortunate 
situation is that there is quite generally associated 
with the destructive action upon unicellular organisms 
a toxic effect upon the higher organisms also. And 
changes in the compounds which decrease the toxicity 
toward the higher form have the deplorable result of 
lessening the antiseptic properties of the substances. 
Thus, by the introduction of the carboxyl group into 
the phenol the toxicity is greatly reduced, especially 
if the introduction is in the meta or para position. But 
the ortho hydroxy acid (salicylic acid) is still more toxic 
than benzol and benzoic acid. Of the three isomers, 
then, salicylic acid alone still retains a rather consid- 
erable power for disinfection, and this is considerably 
lowered in comparison with phenol. 

' Langguard and Maass, Therap. Monatsh., Nov., 1907. 
2 Hamalainen, Chem. Zentr., 1908, II, 1451. 
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Change Incompounds. 
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of 
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Direct (bi-phenols) . 


Increased. 




By CH2. 




Increased. 




By CHOH. 




Increased. 




By CHOR. 




Increased. 




By CO. 




Diminished. 




By SO2. 




Diminished. 





This relationship, however, does not hold universally 
and without exception. Thus, after alkylation in the 
benzol ring with the formation of cresol, we find the 
antiseptic action greater than in the case of the simple 
phenol, while the toxicity of the compound for higher 
life forms is increased only sHghtly, if at all. In fact, 
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for a frog, all the cresols are less toxic than phenol. 
For warm-blooded animals para-cresol is more poison- 
ous than phenol, while the ortho compound is about 
the same as phenol and meta-cresol is still less toxic, 
according to ToUens.^ 

The admirable investigations upon this subject by 
Bechhold and Ehrlich ^ disclosed the most varied changes 
in action by modifications of the compounds. These 
results -are given in table on page 78 in so far as they 
have not been already treated. 

It was found, however, in attempting a practical 
application of such compounds that the strong dis- 
infectant power of the best disinfectants is very much 
modified in the blood serum. The result is that with 
these compounds, too, we must confess that inner dis- 
infection has not been successful. 

> ToUens, Arch. exp. Path. Pharm., 52, 220 (1905). 

2 Bechhold and Ehrlich, Z. physiol. Chem., 47, 173 (1906). 
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Ammonia and Its Simpler Derivatives 

Disregarding the excitant and caustic action of the 
free bases, the characteristic effect of ammonia is a cramp 
effect which causes in mammals the excitation of various 
functional tracts of the spinal cord and its branches. 
There results a temporary inhibition of respiration, more 
pronounced in the cramp intermissions. Larger doses 
cause, subsequent to the excitation stage, a paralysis of 
the nerve centers that ends fatally. Immediately after 
the injection of ammonia, there is a direct stimulation 
of the heart and a consequently large increase in blood 
pressure. Then follows a period of smaller increase in 
blood pressure, caused by vascular' contraction, due to 
a stimulation of the vasomotor nerve centers. At the 
same time there is a diminution in the pulse frequency, 
although during the first stage this is increased. 

In frogs the characteristic effect is manifested by strong 
excitation indicated by a reflex cry; then there follow 
convulsions and tetanus, and finally general paralysis. 

-The replacement of hydrogen of ammonia by alkyl 
radicles immediately reduces the toxic action in a quite 
extraordinary manner. Moreover, the ammonia group, 
or all that remains of it, arrests the hypnotic action of 
the hydrocarbons. So we may consider the ammonia 
and alkyl radicles as mutually interfering groups. 
According to Hildebrandt ' the toxic effect in secondary 
amines increases with increasing molecular weight. 
1 Hildebrandt, Arch. exp. Path. Pharm., 54, 125 (1905). 
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The physiological character of the compounds is, how- 
ever, completely changed, as we shall see later in our 
discussion, when the alkylation is completed with the 
formation of quaternary ammonium bases. 

When an acid group is introduced, the characteristic 
ammonia effect is reduced to an even more marked degree 
than is caused by alkylation. This is the case whether 
the ammonia group is in combination with the oxygen 
of the carboxyl or with carbon. Both the acid amides 
and the amino acids of the aliphatic series are in general 
physiologically inactive. The amino acids of the higher 
series are to be regarded as albumin builders, and there- 
fore as belonging to the group of nutritive substances. 
An exception to the previous statement is found in car- 
bamic acid, NH2 — COOH, which is poisonous. This 
acts as a ' cramp-producing poison in a manner similar 
to ammonia, but somewhat modified. The cause of 
this exception is perhaps to be found in the ease with which 
the compound is broken down. For as soon as we make 
it more resistant to decomposition by the esterification 
of the carboxyl, we have formed urethanes, which are 
scarcely poisonous bodies. Furthermore in these com- 
pounds, the original ammonia effect has been so reduced 
or neutralized that the hypnotic action of the alkyl 
radicle is able to assert itself, and the intensity of its 
effect depends upon the character of the alkyl group. ^ 
In other words the original action has been suppressed 
sufficiently for the newly introduced action to characterize 
the compounds. Thus, in methyl-propyl-carbinol ure- 
thane (Hedonal), 

/NH2 
C0< /CH3 

^OCH< 

1 Binet, Rev. m^dic. de la Suisse rom., 1893. 
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on find a useful, mild sleep producer, which leaves all 
the life functions unaffected. 

A more recent compound which has been introduced 
under the name of Aponal is ethyl-dimethyl-carbinol 
urethane. This is probably still more powerful in action. 
It remains to be seen whether it possesses a diuretic 
action which has rendered the use of hedonal somewhat 
objectionable. These urethanes have, however, been 
claimed to possess a somewhat injurious action upon the 
heart and respiration. These effects, seem to have been 
satisfactorily overcome by a compound introduced as 
Aleudrin. This . substance has, like Hedonal, the skele- 
ton of isopropylurethane; but the alkyl groups are 
chlorinated, 

CH2CL 

>CH.O— CO— NH2 
GH2CK 

The margin between the narcotic dose and the fatal dose 
is less for warm-blooded than for cold-blooded animals; 
but it is large enough for practical purposes. For man, 
sleep is produced by 0.5 gm. The body temperature, 
respiration, heart action and circulation are very little 
affected. Aleudrin appears to be a harmless sleep-pro- 
ducer of scientifically correct construction according to 
theoretical conceptions. 

The essential part played by the acid radicle residuum 
in the neutrahzation of the primary toxic effect is very 
clearly shown by a comparison of the amino acids and 
urethanes with the closely related aminoacetals. Ordi- 
nary aminoacetal, NH2CH2CH(OC2Hs)2, produces a 
paralysis of the respiration in the same way that ammonia 
does.^ 

1 MallSvre, Pflliger's Arch., 49, 484 (1891). 
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This, of course, is quite in contrast to the action of 
the methanes and amino acids. 

Of peculiar interest is the action resulting from the 
conjugation of the ammonia residual group and the aro- 
matic hydrocarbons, which are themselves cramp excit- 
ants. We observe then a change in the points of attack 
as compared with the action of ammonia. AniUne 
attacks not only the motor centers in the branches of 
the spinal cord, but also and more particularly those of 
the middle brain, where it causes first, a passing excita- 
tion that manifests itself in convulsions, and then paraly- 
sis. The prominent symptoms are dizziness, drowsiness, 
and finally well-developed collapse. Aniline has the 
further effect of destroying the haemoglobin. There is 
also with aniline another effect which is therapeutically 
exceedingly important and that is the diminution of the 
body temperature.^ 

As we have already seen, this action is peculiar to the 
aromatic ring; but it becomes pronounced only after 
certain substitutions have taken place .^ It is lacking in 
naphthalene and phenanthrene derivatives. In fact, 
there is even a marked rise in temperature after the 
administration of tetra-hydro-/3-naphthylamine.^ 

The other aromatic amines possess in a marked degree 
the injurious effects of aniline. The antipyretic effects 
are modified by the introduction of alkyl radicles into the 
molecule, the action depending largely upon whether the 
group enters in the ortho, meta, or para position. Thus, 
meta toluidine acts almost like aniline; but the ortho 
and para toluidines are very much weaker in action. 
The direct attachment of the amino group to the ring 

• Cahn and Hepp, Zentr. klin. Med., 1886, No. 33. 
' Cf. Frankel, Arzneimittelsynthese, 2d ed., p. 241 ff. 
' Stem s. Bamberger and Filehne, Ber., 22, 777 (1889). 
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seems also to be of essential importance for the anti- 
pyretic effect. For example there is such an action 
in only a slight degree in the case of benzylamine, 
CeHs— CH2— NH2. 

In the basic triphenyl methane dyestuffs the poison 
effect increases in a marked degree with the introduction 
of alkyl groups, especially if this introduction takes place 
on the nitrogen. This effect, however, is still weak 
enough in pararosaniline to permit its use in the thera- 
peutic treatment .of trypanosome diseases. The intro- 
duction of acid groups diminishes the poison action; 
but at the same time it also stops the trypanocidal power, 
as either the sulphonic or carboxyl group will entirely pre- 
vent this effect. 1 

Naturally the same substituting groups which weaken 
the effects of ammonia have a like effect upon aniline. 
The next logical step was to determine whether such a 
diminution of action would be more in a desirable or in 
an objectionable direction. If acid groups (carboxyl 
or especially sulphonyl) are introduced into the ring the 
action is weakened in both directions, but the poison 
effect is strongest in the ortho derivatives, and it is still 
further increased by introducing methyl in the amino 
group .^ 

The substitution of alkyl groups on the nitrogen- has 
little effect, while acid groups have a quite noticeable 
effect. Thus, in the case of acetanilide (Antifebrin) the 
poison effect is sufficiently diminished and the antipyretic 
action sufficiently retained so that a practical applica- 
tion of the substance is possible. Nevertheless there 
remains enough of the ill effect to demand caution in 
its administration. The poisonous action is still fur- 

1 Ehrlich, Berl. klin. Wochschr., 44, 223 ff. (1907). 

2 Hildebrandt, Hofmeister's Beitr., 7, 433 (1905). 
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ther diminished in phenyl urethane (Euphorine), 
C6H5NHCOOC2H5 ; but the antipyretic efficiency is 
rather low. The anihne action is still further diminished 
in both directions in such cases as acetanilido acetic acid, 



C6H5N/ 



CH2COOH 
CO-CHs 



and acetyl sulphanilic acid and its salts (Cosaprine being 
the sodium salt), 

.NHCOCH3 

C6H4<^ 

^SOgH 

Methyl acetanilide (Exalgine), 

/CH3 
C6H5N< 

^COCHs 

is less desirable than acetanilide, but the nearly related 
diacetyldiphenylethylenediamine, 

/CeHs CeHoy 

CH3-C0N< >N.C0.CH3 

^CHa CH2/ 

is said to be less violent.^ 

Now it has been shown by the investigations of 
Schmiedeberg 2 that aniline and its derivatives are 
rendered harmless by the organism by the introduction 
of an hydroxyl group in a position para to the amino 
group. Paraaminophenol is much less poisonous than 
aniline, although it does cause the formation of methaemo- 

1 Grassmann, Bull. soc. ind. Mulh., 1907, 4. 

' Schmiedeberg, Arch. exp. Path. Pharm., 8, 1 (1878). 
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globin. This effect is somewhat but not sufficiently- 
reduced by the introduction of an acetyl group. Only 
when the hydroxyl is esterified do we attain a point 
where the preparation is adapted for therapeutic use. 
The type of this sort of a compound is acetyl-p-amido- 
phenol ethyl ether or para-ethoxy acetanihde (Phena- 
cetine) , 

.NH.COCH3 
C6H4<' 

^O-CaHs 

Numerous derivatives have been prepared from phene- 
tidine, the base of phenacetine, as well as from Anisidine, 
5vhich is the base of Methacetine, 



NHCOCH3 



C6H4' 

^OCHs 



the lower homologue of phenacetine. Such bodies have 
been subjected to careful physiological examination; 
but we will mention here only some of the preparations 
derived from phenacetine: 

1. Compounds derived by replacing the acetyl with 
other acid groups: 

Propionyl derivative (Triphenin), 

^NH-CO-CHaCHs 

C6H4\ 

^OCaHs 

Lactyle derivative (Lactophenin) , 

.NHCOCHOH.GH3 
C6H4^ 

^OCaHs 



NITROGEN COMPOUNDS 87 

Mandelic acid derivative (Amygdophenin), 

.NH.CO-CHOH.CeHs 
C6H4^ 

Methylglycolic acid derivative (Kryofin), 
.NH-CO-CHaOCHs 

C6H4^ 

^OCaHs 

Acetylgly colic acid derivative, 

.NH-CO-CHaO-CO-CHs 

C6H4^ 

^OCaHs 

Succinic acid derivative (Pyrantin), 
^CO— CH2 



C6H4<; ^co— CH2 



Citric acid derivative (Apolysin), 

,COOH 



m.co-CH; ■ 



.NH . CO • CH2C ■ CH2 • COOH 



^OCzHg OH 

The preparation which has been advertised under the 
name of Citrophene as citric acid triphenetidide is accord- 
ing to Hildebrandt "^ essentially a citric acid salt of phene- 
tidine. 

'Hildebrandt, Zentr, inn, Med., 16, 1089 (1895), 
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Salicylic acid derivatives: 

(a) Salicylphenetidide, 

yNH-CO-CeHiOH 

^OCsHs 

(6) Salicylic acetic acid derivative (Phenosal), 
.NH-COCHa-OCeHi-COOH 

(c) Acetyl salicylic acid derivative, 

.NH-CO-CfiHi-O-CO-CHa 

C6H4<' 

^OCaHs 
Acetyl-ethyl carbonic acid derivative (Thermodin), 

/CO-CHg 

Ce'Hi/ ^CO-OCzHs 
^OCsHs 

Amino carbonic acid derivative (Dulcin), 

.NH-CO-NHa 

C6H4^ 

^OCzHs 
Amino acetic acid derivative (Phenocoll), 
.NH-CO-CHz-NHg 

C6H4^ 

^OCaHs 

2. Compounds derived by introducing acid groups 
in the ring (for the purpose of obtaining easily soluble 
bodies) : 

Phenacetine sulphonic acid. Phenacetine carbonic acid. 
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3. Compounds obtained by condensation with alde- 
hyde and ketones: 

with salicylic aldehyde (Malakin), 

.N-CH-CeHi-OH 

C6H4<^ 

^OCaHs 
with acetophenone (the citric acid salt is Malarine), 



C6H4<' 

^1 



/CH3 
/NH=C< 



C6H4<' 



^OCzHs, 
with vanillin ethyl carbonate (Eupyrine), 

.N : CH.C6H3(OCH3)0-C02-C2H5 

^OCaHg 

From an examination of these substances and similar 
preparations, and an observation of their physiological 
action, it has been possible to generalize somewhat and 
formulate some regularities in their action. In the first 
place, considering the substitution of the amino group 
of amino phenol by an acid radicle, this must be firmly 
enough bound so that it is not split off by the acid of the 
gastric juice (which amounts to two per cent hydrochloric 
acid). For if this happens there appear at once the unde- 
sirable and poisonous effects of para-phenetidine. On the 
other hand the binding of such an acid radicle must not 
be too firm. For it has been found that the only sub- 
stances of this group which have a good antipyretic 
action are those whose ingestion causes the appearance 
of the indophenol reaction in the urine. This color 
reaction which results from the action of o or (3 naphthol 
upon bodies with an amino group indicates that the sub- 



90 ORGANIC COMPOUNDS 

stances ingested must be capable of being broken down in 
the organism to compounds which have such a free amino 
group (for example para-aminophenol from para-amido- 
phenetol or para-phenetidine).^ And observation has 
justified the conclusion that the intensity of the anti- 
pyretic effect is within certain limits proportional to the 
amount of para-aminophenol which is split off in the organ- 
ism. It is obvious, then, that too slow a process of splitting 
up the compound will result in failure of the desired effect. 
This was the result and its cause when the attempt was 
made to use a combination with salicylic acid, a com- 
pound which has its own antipyretic and antineuralgic 
properties and therefore gave hope of forming particularly 
active preparations. The mandelic acid derivative is an 
example of another class of failures. The fundamental 
reason is the same — that is, there is too little splitting 
down of the compound in the organism; but the reason 
in this case is the slight solubility of the substance in the 
stomach and intestinal tract and the consequent insuffi- 
cient resorption. 

So far as substitution of the hydroxyl group by alkyl 
radicles is concerned it does not pay to go higher than the 
ethyl group, as the antipyretic effect diminishes with the 
higher alkyl radicles. In fact the ethyl ether is some- 
what less active in this respect than the methyl compound; 
but the difference is so slight that it is more than offset 
by the desirable and very considerable diminution of the 
toxic effect. 

If we start with a body such as acetyl-p-amino phenol, 
which has a free hydroxyl group, and replace by an alkyl 
radicle the hydrogen which is still attached to the nitro- 
gen, the result is a series of inactive compounds. But 
if at the same time we alkylate the hydroxyl also, then 

1 Treupel and ffinsberg, Arch. exp. Path. Pharm,, 51, 262 (1904). 
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there is observed a narcotic effect, which is barely sug- 
gested in the parent body. In this respect the methyl 
and ethyl derivatives behave about alike, and with a 
further increase in the magnitude of the alkyl radicle 
all the effects seem to diminish.* 

An antipyretic effect is also to be observed in the urea 
derivatives of anisidine and phenetidine. The phene- 
tidine compound, which is para-ethoxy-phenyl carbamide, 
is particularly distinguished by an intensely sweet taste 
and has therefore been called Dulcin. This sweet taste 
is found in neither the lower compound (the methoxy 
body) nor in the higher homologues.^ 

An effect similar to that of phenacetine, but weaker, 
is found with the isomeric compound acetyl-ortho- 
phenetidine. 

Of the diamines the aliphatic bodies such as tetrameth- 
ylenediamine (Putrescine), NH2 — (CH2)4 — NH2, and pen- 
tamethylenediamine (Cadaverine), NH2 — (CH2)5 — NH2 
are physiologically entirely inactive. In some derivatives 
in which one or both of the amino groups have been 
converted into imino groups by means of negative sub- 
stituents there appear strong toxic effects. 

Thus, for example, in the formaldehyde derivative of 
Cadaverine and in Sepsine prepared by Faust ^ this effect 
appears. 

The aromatic diamines, on the contrary, possess a rather 
strong toxicity, their peculiar action being a destruction 
of the coloring matter of the blood. According to Dubois 
and Vignon* meta-phenylene-diamine causes vomiting, 
cough, coma and death. Nevertheless its hydrochloride 

'Treupel and Hinsberg, Arch. exp. Path. Pharm., 33, 216 (1894). 

=i Spiegel and Sabbath, Ber., 34, 1936 (1901). 

» Faust, Arch. exp. Path. Pharm., 61, 262 (1904). 

* Dubois and Vignon, Compt. rend., 107, 533 (1888). 



92 ORGANIC COMPOUNDS 

under the trade name of Lenthin is recommended as an 
antidiarrheal even for children. ^ There is a still stronger 
action observed for the para compound, which causes 
violent inflammations of the internal mucous membranes 
and cramp paroxyms. The former effect, however, is 
attributed by Erdmann and Vahlen ^ to quinonediimine, 

HN=C< >C=:NH 

\ch=ch/ 

which is a first product of oxidation. Quinone imides, 
according to Brissemoret,^ also have a purgative effect 
consequent upon the stimulation of intestinal secretion. 
The ortho compound has also a remarkably great toxicity. 

Toluylenediamines (or diamido toluenes) have a still 
more powerful action on the blood, producing icterus 
and hsematuria.* 

The blood corpuscles are also peculiarly affected by 
benzidine, NH2 — C6H4 — C6H4 — NH2. In vitro this sub- 
stance causes the formation of methaemoglobin, although 
in the organism it is somewhat less active in this direc- 
tion. In the dog, but not in the rabbit, it causes nausea, 
vomiting and motor unrest, and in all animals it causes 
the appearance of considerable sugar in the urine.^ 

An interesting consideration is the influence of hydro- 
genization upon the physiological activity of the aromatic 
amines.^ Thus the two naphthyl-amines produce a 
paralysis of the central nervous system in animals, the 

1 Boye, Zentr. inn. Med., 1905, 113. 

2 Erdmann and Vahlen, Arch. exp. Path. Pharm., 53, 401 (1905). 

3 Brissemoret, Soc. biol., 62, 657 (1907). 

*Stadelmann, Arch. exp. Path. Pharm., 14, 231 (1881); 16, 
118 (1883); 23, 427 (1887). 

» Adler, Arch. exp. Path. Pharm., 58, 167 (1908). 
« Stern, Virchow's Arch., 115, 14; 117, 418 (1889). 
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a compound acting more strongly than the ^ compound. 
The latter body causes also a slight contraction of the 
pupil of the eye. Of the two tetrahydro-/3-naphthyla- 
mines, 

I II 

CH2 CH CH CH2 

Hc/\^-^\cH.NH2 



H2C(^'\/\C NHo 



H2CI y -v ^CH 

CH2 CH 



H^^ / \ /Cxi 2 
CH CH2 



the body (I) which is hydrogenized on the non-substi- 
tuted ring is inactive, and the other compound (II) which 
is hydrogenized in the ring which bears the amino group 
is quite active, causing strong rise in temperature, cramp 
phenomena, and dilatation of the pupil (mydriasis). 
The effect of the compound is considerably increased by 
the introduction of an ethyl group in the amino group, 
but a methyl group in this position is without appreciable 
influence. 

If a second amino group is introduced into the non- 
hydrogenized ring of the first compound (I), we have the 
aromatic alicyclic tetrahydro naphthalene diamine, a 
strongly toxic compound which, however, does not dilate 
the pupil. 

The influence of hydrogenization upon physiological 
action which we see here, may be also observed in a marked 
degree in the cyclic bases. 

Ill 

HC— CH 

II II 
HC CH 

\/ 

NH 



HC 


I 
CH 

A 


CH 


H2C 


II 

CH 
A 


2 
CH2 


HC 


N 


CH 


H2C 


NH 


CH2 



94 ORGANIC COMPOUNDS 

PjTidine (I) shows, to be sure, some effect upon the sen- 
sory apparatus, the respiration and heart action; but it 
may be considered as being comparatively non-poison- 
ous.^ Piperidine (II), however, has a very essentially 
stronger action. This acts in warm-blooded animals 
as a cramp-producing poison, which considerably increases 
the blood pressure through contraction of the blood 
vessels, and finally causes paralysis of both central and 
peripheral nerves. Pyrrole (III) is itself a poison, caus- 
ing a central nervous paralysis.^ The greater action of 
this compound compared with pyridine is probably due 
to the reactive imino group. But the effect increases in 
pyrroline (IV) and is still greater in pyrrolidine (V). 
This latter compound, 

IV V VI 

HC:^^CH H2C — CH2 H2C — CH2 

II II II 

H2C GH2 H2C CH2 H2C CH2 

\/ \y II 

NH NH H2C CH2 

NH 

is qualitatively like piperidine, as is also the higher ring 
homologue cyclohexamethylenamine (VI). Quantita- 
tively, however, the effect is not the same. It increases 
from pyrrolidine to piperidine to hexamethylenamine. 
That is, it increases with the size of the ring, as we have 
already noted in the case of the cyclic ketones. As 
further example of this general principle, we may also 
cite the isoximes pyrrolidone (VII), piperidone (VIII), 

1 Brunton and Tunieliffe, J. Fhysiol., 17, 292. 
^ Ginzberg, Dissertation, Konigsberg, 18S0; cf . Pighini, Arch, 
fisiol., 3, Vol. I (1906). 
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cyclohexanoneisoxime (IX) where the order of activity 
is the same as the order of the compounds given. 



VII 


VIII 


IX 


H2C — CH2 

1 1 


CH2 


H2C CH2 

1 1 


1 1 

H2C CO 
NH 


H2C/\CH2 

HzCljcO 
NH 


1 1 

1120 CH2 

H2C CO 
NH 



Likewise the toxicity increases from quinoline (X) to 
tetrahydroquinohne (XI) to decahydroquinoline (XII). "^ 



X 
CH CH 

HcAr^AcH 



^*^V/ \/"^^ 



CH N 



XI 

CH CH2 

Hc/\(./\cH2 



HCk y X y CH2 

CH NH 



XII 
CH2 CH2 

H2Cf^g^CH2 

I 

CH2 NH 



XIII 
CH CH 

HcA ^^' 



C 



CH 



CH CH 



The same statement holds also in the case of isoquinoline 
XIII and its hydrogenized bodies as well as with their 
homologues and derivatives, among which we shall find 
some of the alkaloids which will receive a special considera- 
tion later. 

1 Heinz, Virchow's Arch., 122, 116 (1890). 
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As one further example we may mention that the toxic 
effect of dihydroindole (IndoHne) is greater than that of 
Indole.^ 

Ammonium Bases 

There is a fundamental difference between the com- 
pounds of trivalent nitrogen and those of pentavalent 
nitrogen, in other words between those with free valences 
and those with saturated valences.^ In the case of the 
latter (with pentavalent nitrogen) there is observed quite 
generally a physiological phenomenon consisting of a 
paralysis of the motor end-plates. 

This action is called the curare effect, from the name of 
the poison whose administration was observed to be 
followed by this action. The intensity of this effect 
diminishes with increasing molecular weight of the com- 
pound. It depends also, of course, upon the structure 
of the compound and the spacial grouping of the radicles 
combined with the nitrogen.^ 

Accordingly we find in ammonium bases which result 
from the alkylation of tertiary bases the same special 
physiological properties which belong to these tertiary 
bases; but they are very much weakened in the derived 
bodies. Now then, if this weakening of action takes 
place upon the undesirable effects more than upon the 
desirable therapeutic effects, then we can proceed with 
alkylation. The result is that from alkaloids, for example, 
which though powerful and effective, are of doubtful 
value, because of injurious side-effects, we may thus 
obtain valuable and useful derivatives. A case in point 

1 Cuttitta, Bioch. Zentr., 7, 349 (1908). 

2 C.f . Spiegel, Z. anorg. Chem., 19, 365 (1902). 

3 Hildebrandt, Arch. exp. Path. Pharm., 53, 76 (1905). 
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is that of the methyl atropinium salts. Frequently, 
also, it is a fact that the addition products possess new 
properties. 

The curare effect has been observed for the platinum, 
cobalt, rhodium and chromium ammonia compounds,' 
which argues that in these compounds the ammonia 
is held, as we have assumed, by means of neutral valences. 
Furthermore this same effect occurs in the analogues of 
the ammonium bases, that is in the phosphonium, arso- 
nium and stibonium bases. 

We must admit, it is true, that this curare effect is not 
unconditionally dependent upon the ammonium consti- 
tution. To a lesser degree it is also found in some 
secondary bases (piperidine, coniine, methyl aniline, 
guanidine) ^ and also in nitrogen-free substances of the 
camphor group — in fact in camphor itself. The extent 
to which this effect is favored by the ammonium consti- 
tution, however, has been shown by the investigation of 
Boehm ^ on the curare alkaloids. 

He found in this arrow poison, besides the quaternary 
base Curarine, a tertiary base Curine. Each of these 
alkaloids is capable of producing the characteristic effect; 
but the ammonium base Curarine is 226 times as power- 
ful as Curine. This latter alkaloid can be converted by 
methylation into the former. 

Besides the curare effect, there is observed in a series 
of ammonium bases, another action which was first 
observed for natural Muscarine (I), and is therefore 
called the muscarine effect. This consists of the arrest 

'Hofmeister, Arch. exp. Path. Pharm., 16, 393 (1883) and 
Bock, ibid., 52, 1, 30 (1905). 

2 Ftihner, Ibid., 50, 1 (1903). 

'Boehm, ibid., 35, 20 (1895), also Arch. Pharm., 235, 660 
(1897). 
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of the heart in diastole in consequence of the excitation 
of the inhibitory nervous apparatus. 

I 

/CH2— CH(0H)2 
(CH3)3^N< 

This effect is already exhibited by tetramethyl ammonium 
chloride and still more by tetramethylammoniumtri- 
iodide ^ further by iso-amyltrimethyl ammonium chloride 
(II) and by valeryltrimethyl ammonium chloride (III) .2 

II III 

/CH2 — CH2 — CH (0113)2 /C5H9O 

(CH3)3^N< (CH3)^N< 

^Cl ^Cl. 

According to Waller and Sowton the effect upon the 
heart is to be observed in the action of the other bases, 
which are closely related to Muscarine such as ChoUne 
(IV), Neurine (V) and Betaine (VI). Choline and betaine 
are much less poisonous than Neurine and muscarine. 

IV V 

/CH2— CH2— OH /CH=CH2 

(CH3)^N< (CH3)3=N< 



VI 
,CH2^ 



yco 



It is presumable that stereo conditions in muscarine also 
have important bearing upon its action, because the 

1 Jacobi and Hagenberg, Arch. exp. Path. Pharm., 48, 48 (1902). 

2 Schmiedeberg and Harnack, Arch. exp. Path. Pharm., 6, 110 
(1877). 
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choline muscarine obtained by Schmiedeberg from 
choline by oxidation ^ is physiologically different from 
the natural muscarine.^ Both are toxic; but the mus- 
carine from choline causes paralysis of the intermuscular 
nerve terminations and myosis in the pupils of the eyes 
of birds, while the natural Muscarine produces neither 
of these effects. Honda states that the muscarine of 
toadstools has the same action as the muscarine from 
choline.^ Likewise anhydromuscarine (VII), obtained 
by Berlinerblau * and isomuscarine (VIII) ^ differ from 
muscarine in having no action on the frog's heart or on 
the pupil of the eye. 

VII VIII 

/CH2— CHO /CHOH— CH2OH 

(CH3)3^N< (CH3)3=N< 

A lengthening of the side chain in the derivatives of 
neurine and muscarine diminishes their toxicity. In 
the same way we find in comparing tetraethylammonium 
iodide with the tetramethyl compound that the higher 
homologue possesses the curare effect of the lower body 
but not its muscarine effect.^ The corresponding tri- 
iodide . is lacking in both effects.'^ But in the case of 
choline, we find that the introduction of the ethyl group 

'Schmiedeberg and Harnack, Arch. exp. Path. Pharm., 6, 110 
(1877). 

2 Waller and Sowton, Proo. Roy. Soc, 72, 320 (1903). 

5 Honda, Arch. exp. Path. Pharm., 65, 444 (1911). 

'Berlinerblau, Ber., 17, 1139 (1884); E. Fischer, ibid., 26, 
464 (1893); Nothnagel, ibid., 26, 801 (1893). 

6H. Meyer s. Schmidt, Ann. Chem., 337, 37 (1904). 

« Jordan, Arch. exp. Path. Pharm., 8, 15 (1877). 

' Jacobi and Hagenberg, I.e. 
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into the hydroxyl causes a strong increase in the toxic 
effect.i 

Cyclic Bases and Alkaloids 

Pyridine, as we have already mentioned, has only 
slight effects upon the sensory nerves or upon the respira- 
tion and heart action. It undergoes a special treatment 
in the organism, due probably to the fact that it does not 
combine with either glucuronic acid or sulphuric acid 
after oxidation. It is converted into the methyl ammo- 
nium base, HO-CHaNCoHs.^ Its activity is increased 
by the addition of aliphatic side chains, especially alkyl 
groups, and its effect upon the sensory nerves particularly 
is thus augmented.^ In the series pyridine, picoline, 
lutidine, collidine and parvoline there is an increasing 
degree of action which is manifested by an intoxicant 
effect and an increase in the respiration and pulse fre- 
quency. 

The same condition holds true for the derivatives of 
piperidine C5H11N. Piperidine itself causes a strong 
increase in blood pressure, has a noticeable action on the 
motor end-plates, that is, an incipient curare effect, and 
also has an effect upon the heart action. Pipecoline 
(a-methyl piperidine) has a complete curare effect with- 
out arresting the heart action. The same thing is true of 
a-ethyl piperidine and a-propylpiperidine but in a decreas- 
ing degree. But the real toxic effect of the compounds 
which results in a paralysis of the central nervous system 
and subsequent paralysis of the motor nerve terminals 
rises from piperidine to pipecoHne to ethyl piperidine to 

1 H. Meyer s. Schmidt, I.e. 

2 His, Arch. exp. Path. Pharm., 22, 253 (1887); Cohn, Z. 
physiol. Chem., 18. 

' Kendrick and Dewar, Proc. Roy. Soc, 22, 432. 
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coniine in a geometrical progression 1:2:4:8. If the 
alkylation is continued very far the ratio is increased. 
If we replace by successive alkyl radicals the hydrogen 
of the 7 carbon atom in Lupetidine, 

H H 

\/ 

C 



H2C 
H3CHC 



X 
H 



CH2 
CHCH, 



we find that the toxic effect of the resulting compounds 
increases in a geometric progression for an arithmetic 
progression of the molecular weight. But this is true 
only up as far as the propyl derivative. The isobutyl 
derivative shows a decrease again and the hexyl deriva- 
tive a still further decrease.^ Moreover, the position 
which the radicle occupies upon the nucleus is not with- 
out material effect. Thus the lethal dose of /3-propyl 
piperidine is nearly twice as great as that of the a-propyl 
piperidine (Coniine). But the lethal dose of /3-ethyl 
piperidine is twice as great as that of the a-propyl com- 
pound.^ We should note here, that alkylation on the 
nitrogen is very important and generally results in an 
increase in the physiological activity of the compound. 
This increase, also, is greater than that caused by alkyla- 
tion on a carbon atom. Here again, there is a rise in 
the effect up as far as the propyl body and then a decrease 
in the higher homologues. Considering the compounds 
where the alkyl radicles are attached to the nitrogen 

1 Gurber, Arch. Physiol., 1890, 401. 

2 Ehriich and Granger, Ber., 30, 1060 (1897) and Gunther, Ber., 
31, 2141 (1898). 
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of piperidine we have the following series of lethal doses 
per kilogram of body weight in the case of a rabbit: 

N-methyl : ethyl : propyl : amyl as 

0.4 : 0.1 : 0.01 : 0.04 

Derivatives formed by acylation on the nitrogen cause 
cramps that can reach a condition of perfect tetanus, 
as in the case of the formyl derivative. ^ The presence 
of' an hydroxyl group in the side chain seems to weaken 
the physiological effect of the compound. For an ex- 
ample, Conhydrine, 

CH2 

HoC/NcHa 



HoC 



CH-CsHeCOH) 



NH 

is qualitatively like coniine, but its action is milder.^ 
If the hydroxyl is in the ring, the substances seem to 
be enabled to act upon the brain; but if such hydroxyls 
are covered by ether formation the compounds will then 
further the excitation of cramps. 

The derivatives of quinoline have in general a less 
toxic effect than the corresponding substituted pyridine 
derivatives. In other words the condensation of a benzol 
ring with the pyridine weakens its action. On the other 
hand the inherent antiseptic action of the benzol which 
we may assiune it to have, judging from its oxyderiva- 
tives, is considerably increased by this condensation 
with pyridine. 

Let us now take up a discussion of the individual 
alkaloid groups from the standpoint of constitutional 

' R. and E. Wolffenstein, Ber., 34, 2408 (1901). 
2 Wertheim, Ann. Chem., 100, 337 (1856). 
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relationships which seem to be responsible for similarities 
in physiological activities. 

Group of Atropine and Cocaine 

These two alkaloids are closely related in chemical 
constitution. Atropine (III) is derived from tropine (I) 
and Cocaine (IV) is derived from Ecgonine (II), which 
is the orthocarboxylic acid of Tropine. 

I Tropine 

H2 H 

C C CH2 



k 



Ho H 



N— CH3 CHOH 

I I 

-C CH2 



II Ecgonine 

H2 H 

C C CHCOOH 

I I 

N— CH3 GHOH 

H2C CH CH2 

III. Atropine 

H2 H 

C C CH2 

I I /CH2OH 
N— CH3 CHOCO— CH< 
I I ^CfiHs 
CH CH2 

H2 
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IV. Cocaine 
H2 
C CH CH ■ COOCH3 

I I 

N— CH3 CH-O-CO-CsHg 

I I 

— CH CH2 



Ho 

In both of these compounds the alcoholic hydroxyl is 
esterified by an aromatic acid, tropic acid, 

^CHaOH 
C6H5-CH<(' 

^COOH 

in the case of atropine and benzoic acid in the case of 
cocaine. In the latter, the hydrogen of the carboxyl 
group of ecgonine is further replaced by the methyl 
group. 

There is a definite physiological relationship which 
corresponds to this chemical relation. Both alkaloids 
act in the same way upon the central nervous system, 
the action being first excitant and then paralyzing. 
They both have from the start a paralytic effect upon the 
endings of certain peripheral nerves. But there is one 
essential difference in this action. While cocaine exercises 
this effect essentially upon the ends of the sensory nerves 
(the result being a local anaesthesia) atropine extends its 
sphere of action to all the organs and nerves upon which 
muscarine has an excitant effect. These are the inhibi- 
tory apparatus of the heart, all glands proper, the motor 
elements in the organs with plain or unstriped muscle 
fibers (intestine) and particularly the organs of adapta- 
tion and accommodation of the eye. 

The pupil of the eye is enlarged (mydriasis) on account 
of the paralysis of the nervus occulomotorius and con- 
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sequent lack of nerve control of the ciliary muscle. 
The result is the impossibility of accommodation for near 
objects. This effect of atropine is a local one, just like 
the effect of cocaine upon the sensory nerve ends. 

When cocaine is applied to mucous membrane, it causes 
a pallor due to a contraction of the blood vessels. Other 
effects that may be mentioned are a foamy degeneration 
of the Hver,i a strong rise in temperature,^ and the prop- 
erty of increasing the capacity for work, which is the 
reason for the extensive use of cocaine in its native land.^ 

According to some observers* atropine has a feeble 
but appreciable effect on the sensory nerve endings, 
and cocaine causes a weak but long-continued mydriasis. 

Now then, if we are led to believe that the combined 
ring system which is the foundation of these two alkaloids 
is the secret of their action upon peripheral nerve ends, 
we shall at least have to modify our view to include 
the fact that a suitable substitution in these rings is 
essential to the action. For tropine has no mydriatic 
action, but does have an effect upon the heart. Of the 
tropeines (the organic acid esters of tropine according to 
Ladenburg) those of the ahphatic acids act essentially 
like tropine.® But when an aromatic acid radicle is 
introduced, the heart effect becomes more or less ob- 
scured, and the nerve effect becomes apparent.'' In this 
substitution, however, the character of the acid radicle 
is the factor which determines whether this effect shall 
be manifested as mydriatic or anesthetic. The tro. 

» Ehrlich, Deut. med. Wochschr., 17, 717 (1891). 
2 Reichert, Zentr. med. Wissensch., 1889, 444. 
s Mosso, Pfluger's Arch., 47, 553 (1890). 
*Filehne, Berl. klin. Wochschr., 24, 107 (1887). 
5 Gottlieb, Arch. exp. Path. Pharm., 37, 128 (1896). 
sBuchheim, Arch, exp, Path. Phann., 5, 463 (1876). 
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peines of benzoic acid, CeHsCOOH, of cinnamic acid, 
C6H5-CH=CH-COOH, of atropic acid, 

^COOH 
and of salicylic acid, 

.OH 

C6H4<' 

^COOH 

cause anaesthesia but no, or only slight, mydriasis. The 
benzoyl tropeine has a strong anaesthetic action and the 
benzoic acid ester of pseudotropeine (which is a stereo 
isomer of tropeine) is the tropacocaine which is found in 
Java coca leaves. This substance has no mydriatic 
effect, and is less toxic and a more powerful anaesthetic 
than cocaine.^ Only when the tropine is esterified with 
an organic acid with a side chain which contains an 
hydroxyl group do we observe the presence of the charac- 
teristic atropine effect. For example, as the tropeine of 
mandelic acid is still nearer to benzoic acid than is tropic 
acid, so the anaesthetic power of homatropine is stronger 
than that of atropine. We have already noted that stereo 
arrangement has a considerable influence in these con- 
siderations. According to the investigations of Cushny ^ 
the optical components of atropine (dextro and laevo 
hyoscyamine) are each selectively preferred by certain 
organs, and together they seem to be responsible for the 
total effect of the racemic isomer. It was found that in 
mydriatic effect the laevo hyoscyamine is almost twice as 
effective as atropine and is 12 to 18 times as strong as 
dextro hyoscyamine. 

1 Chadbourne, Brit. Med. J., 1892, 402. 
8 Cushny, J, Physiol., Oct., 1903. 
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Conversion of atropine into alkyl atropinium salts 
such as Eumydrin results in an equal but more evanescent 
mydriatic effect. It also results in a diminution of the 
other poisonous effects, and is therefore advantageous 
for therapeutic use. 

The atropine action remains practically unchanged 
when the alcoholic hydroxyl of the tropic acid is replaced 
by chlorine; but the same substitution by bromine di- 
minishes the effect much more.'- 

Ecgonine has no anesthetic effect and benzoyl ecgo- 
nine and ecgonine methylester show only slight indica- 
tions of a cocaine effect.^ 

Now one might be led to believe that the effect is 
dependent upon simply the closing up of both the car- 
boxyl and the hydroxyl groups at the same time. But 
this is not a tenable theory, for the esters of anhydro- 
ecgonine (V) are also without effect.^ 

V. Anhydhoecgonine Ester 

H 

I 
H2C C CHCOOR 

N— CH3 CH 

H2C CH CH 

So we must conclude that this closing up of the carboxyl 
and alcohoHc hydroxyl must be accomphshed by certain 
groups. For the carboxyl, in general any alkyl radicle 
will suffice. Whether methyl, ethyl, propyl, isopropyl 

1 Lewin and Guillery, Die Wirkungen von Arzneimitteln und 
Giften auf das Auge, Berlin, 1905, p. 204 ff. 

^Stockmann, Pharm. J. Trans., 16, 897 (1888). 

s Einhorn and Konek de Norwall, Ann, Chera., 280, 96 (1894). 
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or isobutyl is used the effect is the same.^ In the case of 
the hydroxyl group, however, the benzoyl radicle seems, 
to be rather essential and unique in its influence. With 
all other acids, the esters obtained have at most only a 
weak anaesthetic effect.^ The mandelic acid ester is 
essentially mydriatic like that of tropine. Therefore 
we may say that alkylation removes the disturbing 
influence of the carboxyl group when it is on the carbon 
atom next to the benzoylated hydroxyl group; but it 
does not do so when it takes place on the same carbon 
atom that carries the hydroxyl. For example, a-ecgo- 
nine (VII) was prepared by Willstatter^ from tropinone 
(VI). ■ 



VI. Tbopinone 
CH2 CH CH2 

X— CH3 CO 

i 



HoC- 



■CH- 



Ho 



VII. a-EcGONINE 
CHo CH CH2 



CH2- 



X— CH, G: 



-CH- 



I "^COOH 
CH2 



Now if the carboxyl of this compound is methylated 
and the hydroxyl is benzoylated the resulting com- 

iFalck s. Merck, Ber., 18, 2955 (1885); Novy, Am. Chem. 
J., 10, 147 (1888). 

'Liebrich and Liebermann, Ber., 21, 2344 (1888); Ehrlich, 
Deut. med. Wochschr., 17, 717 (1891). 

3 Willstatter, Ber., 29, 2216 (1896). 
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pound has no anaesthetic effect. But we shall see that 
when the nucleus has a somewhat different structure 
this combination may also be active. 

Dextro cocaine has a more intense but more evanescent 
action than the natural laevorotary base.^ 

The methyl group of the nitrogen bridge seems to be 
without significance for the anaesthetic action, since 
Norcocaine (the methyl ester of benzoyl Norecgonine, 
(VIII) possesses this action to the same degree as cocaine 
but has a stronger toxic effect.^ 

Norcocaine 

VIII 

CH2 CH CHCOOH 

I I 

N— H CHOH 

1 I 

CH2 CH Cxl2 

A further attachment of methyl iodide causes a loss of 
the anaesthetic effect. The effect upon the liver which is 
constantly observed in the cocaine derivatives is also 
absent.^ 

The same result is accomplished if an amino group is 
introduced in the meta position in the benzoyl group of 
cocaine. Also, the benzol-sulpho derivatives of this 
amine and of the urea are without effect upon the liver. 
But as soon as the amino group is substituted by acid 
radicles the liver effect is again observed. The acetyl- 

iPouUson, Arch. exp. Path. Pharm., 27, 301 (1890); Ehrlioh, 
loc. cit. 

2 Poullson, loc. cit. 
' Ehrlich, loc. cit. 
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amino and benzoylamino cocaine possess no anaesthetic 
effect; but the corresponding urethane has a greater 
action in this respect than cocaine itself. Considering 
for a moment the effect of the other substitutions in the 
cocaine molecule we find that halogen and nitro groups 
decrease the anaesthetic action without altering the liver 
effect. 

The oxy-cocaines are intermediate in physiological 
action between the nitro and the amino compounds. The 
hydrochloride of dextro-cocaine azodimethylaniline causes 
at most faint traces of anaesthesia, while the hydrochloride 
of dextro cocaine-azo-a-naphthylamine causes a distinct 
even if only slight anaesthesia. Neither of these com- 
pounds have the characteristic liver effect.^ 

We may say, then, that there is a special significance 
in the benzoyl group. As this was also observed in a 
whole series of benzoyl derivatives of other alkaloids, 
Filehne ^ was led to consider this group as directly respon- 
sible for the anaesthesia action. But we have seen 
instances where this action is entirely lacking either in 
consequence of a disturbing group (as the carboxyl group 
in benzoyl ecgonine) or in consequence of an unfavorable 
structure, even though that structure differs only slightly 
from that of cocaine (as in the methyl ester of benzoyl 
norecgonine) . Further experiences show that although 
the benzoyl group favors this anaesthetic activity, it is 
not absolutely essential.^ We may say then, that the 
benzoyl group in itself is not directly responsible for this 
action; but that rather the effect is brought about by a 
structure of the nucleus which makes the power of the 
benzoyl group available. A comparison with the sub- 

1 Ehrlich and Einhorn, Ber., 27, 1870 (1894). 

2 Filehne, Berl. kKn. Wochschr., 24, 107 (1887). 
* Ehrlich and Einhorn, loc, cit. 
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stances which are mydriatically active forces us to beHeve 
that the capacity for paralyzing the peripheral nerve 
endings is inherent in the nitrogen-containing nucleus, 
and 'that the acid radicle acts, we may say as a selective 
anchor which attaches the action to definite nerve end- 
ings. Thus, in the case of the benzoyl group, the sensory 
nerves are the seat of the attachment. In other words, 
in this specific case, the benzoyl group will furnish the 
hold upon the nerves, and whether anaesthesia will result 
or not, must depend upon the nitrogen-bearing nucleus 
that is attached to the benzoyl group. 

The fact that the benzoyl group seems to have this 
selective action is responsible for the interest that was 
aroused in the benzoyl derivatives whose structure is 
somewhat near that of tropine. These compounds were 
experimented upon to the neglect of other derivatives of 
ecgonine and tropine. Two bodies which received such 
attention are triacetone alkamine and vinyl-diacetone 
alkamine. Two derivatives of these substances have 
proved to have an ansesthetic action very similar to that 
of cocaine. These are Eucaine (benzoyl triacetone alka- 
mine carboxylic acid methyl ester) (I) and Eucaine B 
(benzoyl vinyl diacetone alkamine or 2-6-6 trimethyl 
4-benzoxypiperidine) (II). In this case, as in the cocaine 
series, it appears that the elimination of the methylated 
carboxyl group is of little importance. That the removal 
of the methyl group attached to the nitrogen does not 
impair the effect is most certainly established by the fact 
that the norcocaines are as active as the cocaines. Other 
relationships between the two series were established by 
Vinci. 1 Among other points it was found that in this 
case also only one of the stereometric isomers is active. 

I Vinci, Virchow's Arch., 145, 78 (1896); 149, 217 (1897); 154, 
649 (1898). 
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I. Edcaine 
CH3 

CH3 C CH2 

I I /COOCH3 

N— H C< 
I 1 ^O-CO-CeHs 

CH3 C CH2 

CH3 

II. EUCAINE (B) 

CH3 

I 

CH3 C CH2 

I I 

N— H CHOCOCeHs 

I I 

OI13 CH CH2 

The work of Einhorn and Heinz ^ resulted in a great 
simplification in the complex to be benzoylated. For 
they discovered that it was not necessary, as formerly 
supposed, and as in the case in the cocaines, that the 
nitrogen atom shall belong to a ring system. 

In fact they found that nearly all amino-oxy-benzoic 
acid esters have a local anaesthetic action. Representa- 
tives of this group are Orthoform (I), which is the methyl 
ester of para-amino-meta-oxybenzoic acid, and Ortho- 
form new (II) , which is meta-amino-para-oxybenzoic acid 
methyl ester. These compounds are difiicultly soluble 
powders and are useful only for reacting on exposed nerve 
ends. Such a use is found in cases of bums. The soluble 
salts react too strongly acid and consequently cause an 
excessive irritation of the tissues. It was expected that 
1 Einhorn and Heinz, Miinch. med. Wochschr., 44, 931 (1897). 
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this disadvantage could be overcome by using glycocoll 
derivatives. Nirvanin (III), for example, is the methyl 
ester of di-ethyl-amino-acetyl-para-amino-ortho-oxy-ben- 
zoic acid, and this substance has found practical appHca- 
tion.i 



I. Orthoform 


II. 


Orthoform New 


NH2 

1 




OH 

1 




1 

A 


—OH 






1 


— NH2 




\/ 








1 






CC 


OCH3 






COOCH3 



III. Nirvanin IV. An^sthesin 

NH-CO-CH2-N(C2H5)2 NH2 
I I 



OH 
COOCH3 



\/ 
COOC2H5 



It was afterwards determined, however, that the 
hydroxyl group is not a necessary requisite for the 
anaesthetic action of such compounds. Rissert recom- 
mended the use of the ethyl ester of para-amino-benzoic 
acid (IV), which was marketed under the name Anses- 
thesin.^ A more recent member of this group is Cyclo- 
form, which is the isobutyl ester of para-amino-benzoic 
acid, NH2 — C6H4 — COOC4H9, investigated by Impens.^ 

' Einhorn and Heinz, Munch, med. Wochschr., 45, 1554 (1898). 
2 Pharm. Ztg., 47, 356 (1902). 
« Therap. Gegenw., 51, 348. 
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This investigator states that the amyl and the benzoyl 
esters have an even greater effect. This is a good ex- 
ample of increase of action with increase of carbon con- 
tent of the esterifying alkyl group. 

The trouble with these last-named compounds, however, 
is their slight solubility, which renders their practical 
application as analgesics very slight. Even cycloform is 
rather difficultly soluble in water, being only .014 to .022 
per cent at 10° to 22° C. But these solutions have an 
action about as strong as saturated solutions of the propyl 
or ethyl esters, although these contain .03 to .04 per cent 
and .08 per cent respectively. We may in fact find an 
advantage in cycloform over the lower homologues in 
that its solubility results in a correspondingly lower 
resorption capacity. This is an advantage because the 
amino-benzoic acids, just like aniline, cause methsemo- 
globinuria. These compounds in contradistinction to 
the amino-oxy benzoic acid esters, do not in vitro convert 
the blood-coloring matter to methaemoglobin. These 
amino-benzoic acid esters are, as a consequence of their 
slight solubility, used almost exclusively externally. 
Subcutine ^ is a similar body and is capable of sterihza- 
tion without decomposition; but has not met with a 
very favorable reception. This is a para-phenolsulphonic 
acid salt. The propyl ester of this compound is better 
still, and is used under the name of Propsesine.^ 

We must remark, however, that none of these 
compounds containing the nitrogen atom on the benzol 
ring has been generally recognized as a wholly satis- 
factory substitute for cocaine. Besides other special 
disadvantages they seem to lack the power of deep pene- 
tration which that substance has. Much better results 

iPharm.Ztg., 48, 405(1903). 

2 Sturmer and Luders, Deut. med. Wochschr., 34, 2310 (1908). 
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were obtained when the position of the nitrogen atom 
was shifted to the alcoholic group. A series of such com- 
pounds which possessed a strong anesthetic effect, was 
prepared by Fourneau.^ Of this series the member which 
has proved to be most useful in practice is Stovaine. This 
is the benzoic acid ester of di-methyl-amino-dimethyl- 
ethyl-carbinol (V). The Farbenfabriken vorm. Friedr. 
Bayer u. Co. prepared and introduced another compound 
which they called Alypin (VI) by the introduction of a 
dimethyl-amino group on the second methyl group of 
stovaine.^ 

This naturally acts very much like stovaine; but it 
has the advantage that its salts have a neutral reaction. 
A third body in this group was introduced by the Farb- 
werke Meister, Lucius u. Bruening, Hochst a. Main, under 
the name of Novocaine. This is a diethyl-amino deriva- 
tive of their ansesthesin, and consequently is para-amino- 
benzoic acid diethyl-amino-ethyl ester or para-amino- 
benzoyl-diethyl-amino ethanol (VII) ? 

V. Stovaine 
HsCx 

(CH3) 2N • H2C— C— O ■ CO . CeHs 

I 
C2H5 

VI. Alypine 
(CH3)2N.H2C\ 

>C— O-COCeHs 
(CH3)2N-H2C/ I 

C2H5 

VII. Novocaine 

(C2H5)2N • CH2 ■ CH2— • COC6H4— NH2 

1 Foumeau, Compt. rend., 138, 766 (1904). 
nmpens, Deut. med. Wochschr., 31, 1154 (1905). 
' Braun, Deut. med. Wochschr., 31, 1667 (1905). 
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Although the investigations upon these three sub- 
stances, particularly on their comparative value, cannot 
be said to be concluded, nevertheless we can say that they 
all stand very near cocaine and the eucaines as far as the 
manner of their anaesthetic action is concerned, and 
moreover they have the advantage of being less toxic. 
On the other hand they lack one of the advantages of 
cocaine, which is often desirable, and that is the power 
of contracting the blood vessels. In fact stovaine and 
alypine have the opposite effect, causing a dilation of the 
blood vessels. 

This brings us to a substance which comes to the rescue 
in this condition, a substance which is also related in 
constitution and has in itself a sHght anaesthetic action, 
although its pre-eminent powerful effect is vasocontrac- 
tile. This substance is Adrenaline.^ 



HO 



/\ 



HO 



Adrenaline 
-CH (OH) — CH2— NH— (CH3) 



\/ 



According to Fourneau^ the simplest analogue of 
cocaine is obtained from chloroxyisobutyric acid, 

Hsa 

>C— OH 
CIH2C/ 1 

COOH 

and has the formula 

HsC. /O-COCeHs 

(CH3)2NH2C/ \cOOCH3 

1 Zeigan, Therap. Monatsh., April, 1904. 

2 Fourneau, J. pharm. chim., (6) 27, 513 (1908). 
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It differs from stovaine by having a carboxyl group 
instead of an ethyl group. As a matter of fact it is really 
more comparable with methyl-benzoyl-a-ecgonine than 
with cocaine. Nevertheless it possesses a strong ansBs- 
thetic power (compare also eucaine). It cannot be used 
in practice because the fundamental basic character of 
the substance is so weak that its salts have an acid 
reaction. Fourneau also says that for a practically use- 
ful cocaine substitute the compound must have at least 
two carbon atoms between the two ester groups. 

A very decided anaesthetic effect is shown by the alka- 
loid Yohimbine ^ although it contains no benzoyl group. 
Yohimbine does not have a mydriatic action, but does 
dilate the blood vessels. An anaesthetic effect is found, 
also, in the glucosides of the digitalis group. These 
substances cause at the same time a contraction of the 
pupil and more or less hypersemia.^ Anilides have to a 
slight degree an anaesthetic action as also have the 
ordinary phenetidine derivatives. The action is, however, 
increased, by the addition of a second basic complex to 
the amino group, as for example in Holocaine, which is 
para-diethoxy-diphenyl-ethanyl-amidine,^ 

^N • C6H4 ■ OC2H5 
CHs-C^ 

^NH-CeHi-OCaHs 

or in the alkyl-oxyphenyl guanidines,* 

/NH2 
HN=C< 

^NH.C6H40R 

1 Arnold and Behrens, Chem. Ztg., 25, 1083 (1901). Magnani, 
Munch, med. Wochsohr., 50, No. 28 (1903); Loewy and Miiller, 
Miinch. med. Wochschr., 50, No. 15 (1903). 

2 Korizki, Dissertation, Petersburg, 1906. 
» Tauber, Therap. Monatsh.,, April, 1897. 

* TroUdenier, Therap, Monatsh., 1899, 36, 
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Finally we may mention that this anaesthetic action is 
also found in phenols and phenol ethers with at least 
one free hydroxyl, in a-aminopyridine, tri-methyl- 
ethylene, etc,^ 



Opium Alkaloids and Relatives. 

The most important substance in opium is morphine 
(I). This is a phenanthrene derivative, as are also 
codeine (II) and thebaine (III). 

II. Codeine 
CH 
CHsO-Q^^qH 




CH2 



GHa 



I. Morphine 
HOv 




CH2 

II. Codeine 



ho/' 



CH,0. 



;Ci7Hi70N 



HO' 



\C17H17ON 



III. Thebaine 
CH3O. 

>Ci7Hi50N 
0/ 



CH 



' Frankel, Arzneimittelsyrithese, 2d Ed., p. 380. 
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Morphine and of course codeine, which is methyl 
morphine, are derived from hexahydrophenanthrene, 
while thebaine is derived from tetrahydrophenanthrene. 
The physiological effect of morphine is somewhat compH- 
cated. In the first place it diminishes and finally stops 
the functioning of the cerebrum, particularly the power of 
sensation. This is the cause of the most potent and 
important results of the administration of morphine, 
which are a deadening of pain, hypnosis, euphoria and 
narcosis. After larger doses the paralysis extends to 
the voluntary movements and to the reflex movements 
which depend upon pain production for excitation and 
which are also finally completely suppressed. In some 
kinds of animals morphine acts like strychnine in causing 
an increase in the sensitiveness of reflex actions, which are 
controlled by sense excitation. This effect is much more 
pronounced in the case of codeine, and is entirely pre- 
eminent in thebaine, which should be placed, as far as 
physiological action is concerned, in the strychnine group. 

Morphine is attracted to the brain and is here largely 
destroyed. The extent of the attraction and destruction 
by the brain substance is, moreover, commensurate with 
the habituation or tolerance which results from continued 
use.^ 

First of all, it is of interest to investigate the extent of 
the role of the phenanthrene nucleus in this effect. It 
is true that Overton has stated that phenanthrene itself 
acts as a narcotic on tadpoles; but with warm-blooded 
animals it has no such action. On the other hand, it 
undoubtedly does have a tetanic effect. This is also 
true of the phenanthrols, the carboxylic acid, and 
even of the sulphoacid. 4-methoxy-phenanthrene-9-car- 
boxylic acid acts hke phenanthrene carboxylic acid. A 
1 Cloetta, Arch, exp, Path, Pharm,, 50, 453 (1903). 
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further addition of alkyl and acid groups upon the 
hydroxyl diminishes very considerably the cramp produc- 
ing action and the general toxic effect. None of these 
preparations, however, possesses any narcotic action. ^ 

The action of phenanthrene quinone derivatives, is 
somewhat different. Phenanthrene quinone-3-sulphonic 
acid has no cramp effect, but does cause pronounced 
methsemoglobinuria,^ 2-brom-phenanthrene quinone sul- 
pho acid causes strong poison phenomena and degenera- 
tion of the organs, and is said to act, when introduced 
directly into the veins, in a manner similar to morphine, 
in so far as it retards and diminishes the respiration.^ 
According to Pschorr * we must also consider as belong- 
ing here the Epiosin of Vahlen ^ which is methyl- 
diphenylene-imidazol (IV). This substance dulls the 
sensibility for pain, has a slight hypnotic effect, and a 
strong cramp, producing action. Like Schmidt's com- 
pound, it causes an increase in blood pressure. 

IV. Epiosin 



/CH3 



iBergell and Psohorr, Z. physiol. Chem., 38, 17 (1903i. 

2 Ibid. 

'Schmidt, Ber., 37, .3565 (1904). 

* Pschorr, Ber., 35, 2729 (1902). 

•Arch. exp. Path. Pharm., 47, 368 (1902). 
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According to Pschorr the morphine-like effects are not 
caused by action upon the nerves, as in the case of mor- 
phine itself, but by a poisoning of the blood. 

Therefore it seems as if the narcotic effects of morphine 
were dependent upon the addition of a nitrogen-contain- 
ing ring. In order to cause a stronger action the phenolic 
hydroxyl of the morphine must be free, for it is evident 
that this group functions as a binder of the alkaloid to 
the nerve substance. To be sure, codeine, in which this 
hydroxyl is methylated, does produce in small doses a 
narcotic effect, but it is of much shorter duration and less 
deep than that of morphine. Upon the administration 
of larger doses of codeine, this narcosis is hardly per- 
ceptible, because the tetanic effect becomes of paramount 
importance.^ 

The same is true of the action of ethyl morphine 
(Dionine), amyl morphine and benzyl morphine (Pero- 
nine). Similar changes in effect are caused by the intro- 
duction of acid radicles such as acetyl, benzoyl, etc., into 
the phenolic hydroxyl.^ Such compounds, however, 
stand nearer to morphine than do codeine and its homo- 
logues, because in the former compounds the radicles 
which hinder or retard the morphine effect are more 
easily split off. Diacetyl morphine (Heroine) finds a 
considerable practical application. The inorganic acid 
radicles act in a manner similar to the organic acid 
radicles. The more easily the acid radicle can be split 
off, the more nearly the effect approaches that of mor- 
phine. For example, the carbonic esters and the car- 
bonic acid alkyl esters of morphine act very much like 
morphine, according to von Mering. Winternitz ^ states 

1 Stockmann and Dott, Brit. Med. J., 1890, II, 189. 

2 Ibid.; V. Mering, Merck's Jahresber., 1898, 5. 
5 Winternitz, Therap. Monatsh,, Sept., 1899. 
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that alkylation of morphine weakens the effect upon 
the respiration, but acylation strengthens it very 
materially. 

These derivatives of morphine furnish remarkable 
examples of the fact that it is exceedingly dangerous and 
uncertain to assume that a chemical compound will have 
the same effect upon man that has been observed with 
other warm-blooded animals. For example, codeine is 
much more poisonous for rabbits than is morphine. For 
man, on the contrary, codeine is much less poisonous.^ 
For experiments which affect the nervous system it 
appears that the cat is most suitable if the results are to 
be compared to those in man. 

Of the products which result from tearing down the 
morphine molecule, apomorphine is only a mild narcotic, 
but it has a powerful emetic action, which is to be attrib- 
uted to the free phenolic hydroxyls. The reason for 
attributing it to these groups is that a half alkylation 
leaves only a suggestion of the emetic action, and complete 
alkylation or acylation removes it entirely.^ 

On the other hand this specific emetic effect is not de- 
stroyed by conversion into quaternary compounds. 
For example, the effect is retained in apomorphine brom- 
methylate (Euporphine), but the undesirable"side effects, 
such as action upon the heart, are said to be eliminated.^ 

The methylated derivative, apocodeine, acts as a 
sedative and purgative.* Dixon ^ states that it has a 

1 Mayor, Therap. Monatsh., May- June, 1903; Vinci, Arch, 
ital. di Biol., 47, Vol. Ill (1907). 

2 Michaelis, Klin.-therap. Woohschr., 1904, 660; Kaminer, 
Festschr. f. Salkowski, p. 205. 

3 Schtitze, Berl. klin. Woohschr., 43, 349 (1906). 

* Guinard, Contribution k I'^tude physiologique de I'apocodeine, 
Lyon, 1893. Toy and Combemale, Merck's Jahresber., 1900, 62. 
5 Dixon, J, Physiol., 30, 98 (1904). 
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paralytic action upon the nerve cells, thus causing dila- 
tion of the blood vessels, that it depresses the blood 
pressure, accelerates the heart frequency, and excites 
the automatic movements of the smooth muscles. More- 
over, it increases the reflex action even to convulsions, 
like those caused by strychnine, and finally it has a 
curare effect. 
The methyl-morphimethines 



CHsO-CioHs 



,CH(OH) 



CH- 



>CHO.CH2CH2-N(CH3)2 



act neither as relievers of pain, nor as sleep producers. 
They do, however, like morphine, paralyze the respiratory 
center, and unlike it lower the blood pressure. 

Intermediate in effect between morphine and codeine 
stands papaverine (I) ^ 

I. Papaverine 



H3CO- 
H3CO-1 




OCH3 



OOH3 



' Schroeder, Arch. exp. Path. Pharm., 17, 96; Leubuscher, Deut. 
med. Wochschr., 18, 179 (1902). 
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Laudanosine, which is the tetrahydro derivative of 
papaverine, but is methylated on the nitrogen ^ has no 
appreciable narcotic effect, and is in both its action and 
toxicity similar to thebaine.^ 

Narcotine (II) is nearer to morphine both chemically 
and physiologically. It has, however, a much weaker 
narcotic effect, which is preceded by a tetanic effect of 
short duration. Hydrastine (III) is very closely related 
chemically to narcotine; but it has no narcotic effect, 
and we must attribute this lack to the presence of a 
methoxyl group. Hydrastine has a toxic effect which is 
manifested by general paralysis and tetanus. 

II. Naecotine 
CH CH2 



/O— C 
H2G< 

^0— C 



C 
C CH 



CH2 
N-CHs 



H3GO CH- 

I 
C 

HC' 



HC| C- 

\/' 

C 



-o 



■CO 

-OCH3 



0CH3 

The strychnine-like excitant action of hydrastine upon 
the central nervous system is manifested first through the 

> Pictet and Athanasescu, Ber., 33, 2346 (1900). 
2 Babel, Rev. m^d. de la Suisse rom., 1899, 657. 
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H2C 



< 



III. Hydkastine 
CH CH2 



o— c 
c 



c 

CH CH 

I 
CH- 



CH2 
N.CH3 



HC 

HC C 

V 
C 



OCH, 



-0 



-CO 



OCH3 

vasomotor nerves, so that small doses cause a contrac- 
tion of the blood vessels and thus an increase in blood 
pressure. Considering for a moment the action of some 
of the decomposition products of these two alkaloids, 
we find that opianic acid is narcotic through a paralysis 
of the central nervous system in cold-blooded animals, 
but in warm-blooded animals it is without effect. Hydras- 
tinine (IV) is distinguished from the parent body by an 
absence of the tetanic stage and by a detrimental effect 
upon the heart. 

IV. Hydbastinine 
CH CH2 



/O— C 
H2C< 

^0— C 



c 
V\ 

C CHO 



CH2 
NH-CHs 
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It causes vaso-constriction and thereby a rise in blood 
pressure, and a lowering of the pulse frequency by action 
upon the vessels themselves. Cotarnine (V) has been 
known longer, and its chemical similarity to hydrastinine 
induced the belief that it also, like hydrastinine, might 
possess astringent and styptic properties. 

V. COTAKNINE 

CH CH2 
C ICH2 



H2C/ 



0— c 
0— c 



C NH-CHs 
C CHO 



Ac 



)CH3 

The hydrochloride (Stypticine) and later the phthalic 
acid salt (Styptol) were in fact found to have a styptic 
action. But, strange to say, the cause of this action was 
quite different from the cause of the similar action of 
hydrastinine salts. For the stypticine and styptol 
cause neither a vaso-contraction nor blood coagulation.^ 
Their styptic effect probably depends upon a slowing of 
the respiration and consequent reduction of arterial blood 
pressure. The action of cotarnine is similar to that of 
the parent substance, narcotine. It causes first an exci- 
tation of the central nervous system, and then a general 
paralysis.^ It is claimed by William^ ^ that an intrave- 
nous injection of hydrastis causes a lowering of the blood 
pressure by a reduction of the action of the heart muscles. 

Hydrocotarnine has the typical effect of the codeine 

group.* 

' Marfori, Arch. ital. di Biol., 1897, Vol. II. 

2 Falk, Therap. Monatsh., 1895, 646 and 1896, 28. 

'Williams, J. Am. med. assoc, 50, 26 (1908). 

* Stockmann and Dott, Brit. med. J., 1891, 24 Jan. 
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Berberine (I) acts like hydrastine, but is more powerful.' 

(I) Bekbeeine. 
CH CH OH CHz 

C CH C 



HC 
H3COC 



CH2 
C 
CH 



OCH3 



CH| C- 

c— o- 



-o 



I 



-€a 



Tiie corydalis alkaloids, with the exception of the very 
weakly basic corytuberine, produce in cold-blooded ani- 
mals a morphine-like narcosis. These alkaloids stand 
very near, chemically, to those we have just been discuss- 
ing, as will be seen from the structural formula proposed 
for corydaline (II) by Dobbie and Lauder.^ 



II. COKYDALINE 

CH 



-OCH3 



6 C-OCH3 

CH QH2HC CH.CH3 
H3C0.c/\c/\c/\^/ 



H3CO.1 



' Williams, loc. cit. 

' Dobbie and Lauder, Journ. Chem. Soc, 81, 145, 157 (1901). 
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These corydalis alkaloids can be chemically and also 
pharmacologically divided into three groups: First, 
the corydaline group (corydaline, corybulbine, iso- 
corybulbine) ; second, the corycavine group (corycavine 
and corycavamine) ; third, the bulbocapnine group (bul- 
bocapnine, corydine and corytuberine). Common to 
all three groups is a narcotic effect, an action on the 
heart, consisting of a weakening of its general capacity 
for reaction and injury to the muscle motor apparatus. 
Besides these common effects the alkaloids of the first 
group cause paralysis of the spinal cord, the second 
stimulate the motor centers and the third group resemble 
codeine in action and cause increased reflex excitability.^ 

Veronal Group 

The investigations of E. Fischer and v. Mering on di- 
alkylated acids and their derivatives^ are very instruc- 
tive concerning the influence of an accumulation of 
alkyl groups upon a compound, the effect of the size of 
the radicle and the effect of the constitution of the ring 
in the production of narcotic effect. We produce, there- 
fore, an exhaustive table of experiments which were 
made upon dogs. From this table one can observe that 
there is no sleep-producing effect until we come to the 
urea group, and it is decidedly stronger in a cyclical 
arrangement of this group. Furthermore, it is essential 
that there be in the combination a group that contains 
several alkyl radicles rich in carbon. 

These alkyl radicles cause an increase in effect with 
rising carbon content of the radicle up as far as propyl, 
and after that the effect again diminishes. A very strik- 

1 Peters, Arch. exp. Pathol, u. Pharmakol., 51, 130 (1904). 
' Therapie der Gegenwart, 5, 97 (1903). 
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ing phenomenon is the increase in toxicity upon methyla- 
tion on the nitrogen (23) and upon the introduction of 
sulphur in place of oxygen (26). Contrary to this is the 
replacement of the same oxygen by NH (25) which nulli- 
fies the action. It is easier to understand removal of 
the effect caused by a free carboxyl group (24 as com- 
pared with 9). It would be interesting to determine 
whether esterification of this group would reestablish the 
effect. 

A slight chemical modification of Veronal which has 
given rather surprising physiological results is the so- 
called Luminal of the Farbenfabriken of Elberfeld. One 
of the ethyl groups of veronal is replaced by phenyl, 
giving phenyl-ethyl-barbituric acid: 

CeHs. /CO— NR 

>c/ >C0 

Although in general the aliphatic radicles are more effect- 
ive in sleep-producing action than aromatic radicles, 
the reverse seems to be true in this case since, 0.2 gm. of 
Luminal is equivalent to 0.5 gm. of Veronal. According 
to Impens, however, this hypnotic action of the aromatic 
radicle can take effect only when there is attached to the 
same carbon atom with it one or two other alkyl groups. 

Quinine and Fever Remedies Deduced from Quinine 

According to Schmiedeberg ^ the general character of 
the physiological action of quinine is probably to be inter- 
preted as being a sort of mortification effect for all the 
organs concerned. The functions or the functional 
capacity of the organs, and their nutrition processes are 
at first increased, then lowered, and finally entirely 
' Schmiedeberg, Grundriss der Pharmakologie, 1902, p. 179. 
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destroyed, as in the case of mortification from other 
causes. 

A .5 per cent to 1 per cent solution of quinine imme- 
diately suppresses the movements of all kinds of infusoria. 
A solution of this concentration also stops the amoeboid 
movements of the white blood corpuscles of mammals. 

For man and other mammals small doses lessen the 
pulse frequency and increase the blood pressure, while 
larger doses (upward from 1 gm. in the case of man) 
cause a decrease in pulse frequency and also a decrease 
in blood pressure. At the same time there appears a 
weak morphine effect on the sensory brain sphere, which 
is called quinine intoxication. Smaller doses cause also 
at first a rise in the body temperature; but larger doses, 
not sufficient for poisoning effect, of course, have an 
insignificant effect on temperature in a normal invididual, 
but cause a considerable drop in temperature of a fever 
patient. This action is stronger in antipyrine and the 
salicylic acid group than it is in quinine. But quinine 
is much preferable to these compounds or in fact any 
other substance known at present, as a specific against 
malaria. 

Metabolism as measured by the nitrogen excretion is at 
first increased by quinine and then often considerably 
diminished. In fact it is always largely diminished after 
large doses. Quinine is for the greater part destroyed in 
the organism if ingested in moderately small quantities. 
Giemsa and Schaumann^ state that the power of the 
organism in destroying quinine is increased with repeated 
dosage with the substance. Schmitz,^ however, was 
unable to confirm this statement. 

' Giemsa and Schaumann, Arch. Schiffs. Tropen hyg., 11, 
Vol. Ill (1907). 

2 Schmitz, Arch. exp. Path. Pharm., 56, 301 (1907). 
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The constitution of quinine can be to-day regarded 
with a considerable degree of certainty as being formula 
(I).^ The side chain of the para-methoxy-quinoline that 
contains a piperidine ring is designated as the loipone or 
meroquinine part of the formula. Of the accompanying 
alkaloids cinchonine (III) stands very near to quinine, 
since it lacks only the methoxy group in the para position. 
But this very slight chemical difference reduces the effec- 
tiveness of the physiological action tremendously. Cin- 
chonine is more detrimental to the heart, and possesses a 
cramp-excitant effect that is only very slightly apparent 
in quinine. Moreover cinchonine is a much less efficient 
febrifuge, and its specific action against malaria is only 
vaguely apparent, and only after large doses. But it 
seems to be clear that the secret of the action of the 
methoxyl group lies in the covered hydroxyl group, 
because the higher alkyl derivatives obtained from cupre- 
ine (II) such as quinethyline, quinpropyline, quinamyline 
have an action still more powerful than that of quinine. 
In other words, the more readily oxidizable is the alkyl 
group which covers the hydroxyl, the more powerful is 



I Quinine 

CH 

^^CH^- CH-CH=CH2 
Ha. 



CH (OH)-CH CH; 



H3CO- 



N 



■N 

» Compare Rabe, Ber., 40, 3655 (1907); 41, 62 (1908). 
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the action of the compound ^ on account of the greater 
ease with whiph it is spht down to cupreine. 



II CUPBEINE 



H 



CH^ CH2^CH-CH=CH2 
CHCOH)-CH CH2 CH2 



N 



III CiNCHONINE 

CH 
CH^CH^-CH-CH = CH2 



H(OH)-CH CH2 CH2 

N 




N 



It seems, then, very probable that the slight febrifuge 
effect of cinchonine may not belong to that substance 
itself, but is due to cupreine, which is formed within the 
organism by the hydroxylation of the cinchonine in para 
position. In fact we have many cases analogous to this. 

iGrimaux and Arnaud, Compt. rend., 112, 766, 1364 (1891); 
114, 548, 672 (1892); 118, 1803 (1894). 
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The earliest and most numerous investigations as to 
the connection between the effect of quinine and its con- 
stitution started from the quinoline part which was 
demonstrated to be present. At first there was assumed 
to be a tetra-hydroquinoline ring. Quinoline itself 
proved to be antiseptic, antizymotic and antipyretic 
in its effect. It was found to be weaker against fever 
than quinine and to be entirely useless against malaria. 
Moreover it caused some detrimental effects such as 
collapse and difficulty in respiration, even with the admin- 
istration of small quantities.^ 

A recent quinoline derivative which deserves particular 
mention is Atophan, which is 2-phenyl-quinoline-4-car- 
boxylic acid. 

COOH 



— GeHs 



This substance has found practical application in acute 
attacks of gout because it causes an extraordinary increase 
in the elimination of uric acid. On account of the 
relation of quinine to quinoline, the derivatives of this 
latter body have been subjected to considerable physi- 
ological examination. Nicolaier and Dohrn^ examined 
a series of the quinoline carboxylic acids, particularly in 
regard to their effect on uric acid excretion. From their 
results we may say that the 4 position for the carboxylic 

' Donath, Ber., 14, 178 (1881); Biach and Loimann, Virohow's 
Arch., 86, 456 (1881); Brieger, Z. klin. Med., 4, 296 (1882); v. 
Jackscb( Prager med. Wochsohr., 1881, No. 28. 

« Nicolaier and Dohrn, D. Arch. f. klin. Med., 93, 331 (1908). 
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group is favorable; but the unsubstituted 4 carboxylic 
acid is without effect, as is also the 2-4 dicarboxylic acid. 
But if an aliphatic or aromatic radicle is introduced in 
the 2 position then the increased uric acid excretion is 
caused. This action is slight for the methyl-substituted 
body, but strong for the phenyl. Given this compound 
(atophan) the effect remains unchanged upon introduc- 
tion of a second phenyl group (in 3 position), of a second 
carboxyl group (in 3 or 8 position), or of a methyl in 6 po- 
sition, and hydroxyl weakens the effect. The exact 
behavior of atophan in the organism is as yet not fully 
understood. Very little of it is excreted unchanged. 
Moreover the increase in uric acid excretion cannot be 
ascribed to an increased nucleine destruction because the 
excretion of total nitrogen, phosphoric acid and sulphur 
is not increased. In fact the action would almost seem 
to indicate that the atophan releases an amount of uric 
acid which has been stored up in the organism, for after 
the discontinuance of the atophan treatment the uric acid 
excretion falls below the normal. The only other com- 
pound of those examined by Nicolaier and Dohrn which 
showed a similar action was 2-phenyl-3-oxyquinoUne-4- 
carboxylic acid. 

Isoquinoline is similar in every respect to quinoline.^ 
When hydrogen of the quinoline is substituted by methyl 
groups the effect is weakened, but is qualitatively the 
same.^ The introduction of methoxyl in the para posi- 
tion in quinoline weakens the antipyretic effect which is 
just the opposite of the action of the same group in the 
relation between cinchonine and quinine.^ A con- 
siderably stronger antipyretic body is para-methoxy- 
tetra-hydroquinohne (Thalline) (I) whose effect, however, 

1 Stockmann, J. Physiol., 15, 245 (1894). 

2 Ibid. 
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is of short duration. This substance is also injurious, to 
the blood and kidneys. 

I. Thalline 
CH2 
HsCO-^^/NcHo 



NH 

This effect is not altered either by the introduction of 
alkyl radicles, nor by the introduction of acid radicles 
in the imino group. A similar condition holds also with 
kairine (II) and kairoline (III) which are both prepara- 
tions which are without a methoxyl group, and are alky- 
lated on the nitrogen. 



II. Kairine 



CH, 



III. Kairoline 
CH2 




N— C2H5 OH N— R(CH3 or C2H5) 



None of these quinoline derivatives approaches the specific 
effect of quinine. 

In the meroquinine residue of the quinine molecule 
the binding of the piperidine nitrogen by the bridge 
containing hydroxyl is of prime importance. If this is 
spht off, as in the change from quinine to quinotoxine 
(IV), or in the same way if cinchonine is converted to 
cinchotoxine, these new substances do not behave as 
febrifuges at all, but as a digitoxine-like poison. ^ We 
' V. Miller and Rohde, Ber., 33, 3214 (1900). 



140 



ORGANIC COMPOUNDS 



are, however, hardly surprised by this toxic effect, when 
we note the presence of two groups of particularly great 
capacity for reaction — the CO and the NH groups. 

The unsaturated side chain of the quinine seems to 
have a definite significance. If hydrogen is added at the 
double binding, the poison effect is hardly changed for 
mammals and infusoria. Hydrochlor-quinine, which is 
formed by addition of HCl, is said to be less poisonous 
for mammals than quinine, although it is more poisonous 
for certain infusoria.^ 

IV. QUINOTOXINE 



H. 



(^^5H;^-Cai=0H. 



=f 



CH, CH, 



H3CO 



HN 



N 

In order to have a sort of standard test body that 
might stand as near as possible to the object of attack 
of the specific quinine effect, the malaria parasites, 
Tappeiner^ selected the Paramecium, and undertook 
experiments upon it. It was found that the order of 
strength in quinine effect is first para-methoxylepidine 
(V), then lepidine (VI), and finally quinohne; but that 
meroquinine (VII) is entirely without such effect. 

' Hunt, Arch, intern, pharmaoodyn, 12, 497 (1904). 
^ V. Tappeiner and Grethe, Deut. Arch. klin. Med., 56, 189, 369 
(1896). 
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V. Paramethoxylepidine 

CH3 



N 



VI. Lepidine 
CH3 



N 



VII. Meroquinine 
CH— CH2-C00H 

H2C/\CH.CH=CH2 

H2CI. JCH2 
NH 

On the other hand Y-phenylquinoline (VIII) is con- 
siderably stronger in action than quinine. 

VIII. y-phenylquinoline 
CeHs 




We may conclude, then, that the action of quinine upon 
infusoria proceeds from the quinoline ring, and can be 
materially increased by the complex attached to it in the 
Y position, even though this complex be in itself inactive. 
Since the substitution of the benzol ring proved to give 
such an effective compound it was natural that the 
phosphines, the beautifully colored compounds obtained 
from acridine, such as chrysaniline (IX), should be 
tested out. This was done, and they were found ex- 
traordinarily effective. But these substances, as well as 
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phenyl-quinoline, do not seem to . destroy the malarial 
parasites, but only to paralyze them in a manner similar 
to the constitutionally related methylene blue (X).i 



IX. Cheysaniline 



X. Methylene Blue 



NHo 



CI 



T 



(CH3)2N- 



-/\y\y\ 



/ 

=N(CH3)2 



NHa 



N 



N 

The constitution which Knorr first ^ ascribed to a 
tetra-hydroquinoline derivative was the cause for test- 
ing out the so-called dimethyl-oxy-quinizine (I) with a 
view to finding antipyretic effects, and such an effect 
was found to be very pronounced ^ and led to the name 
of this compound, Antipyrine. 

T. Antipyrine 



CH N N.CH2 



H6^C\yCH2 
CH 00 

It was only later * that this compound was recognized 

Mannaberg, Arch. klin. Med., 59, 185 (1897). 

2 Knorr, Ber., 17, 546, 2032 (1884). 

3 Filehne, Z. klin. Med., 7, vol. 6 (1884). 
^ Knorr, Ann. Chem., 238, 137 (1887). 
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as dimethyl-phenyl-pyrazolon (II). Michaelis ^ affirms 
that the formula (III) can also be ascribed to this body. 

II. Antipykine III. Antipyrine 

CH3 CH3 



CeHs-N. 



\ 



N C— CH3 N CCH3 

/2 3 |\ 

CeHs— N )0 

\ 5 4 I / 

CO CH C CI-I 



Antipyrine does not act against malaria, but aside from 
this it is to be preferred over quinine, as it has less undesir- 
able side effects, and it has a specific anti-neuralgic action. 

The alkylation of the nitrogen is of importance. 
Phenyl-monomethylpyrazolon has no particular anti- 
pyretic action. The presence of the aromatic substituting 
group is, according to Curtius ^ not essential for the 
physiological action, but Filehne ^ finds that it is impor- 
tant for the degree of effect. The introduction of the tolyl 
group in place of the phenyl, giving us tolyl-pyrine, does 
not cause any essential change. A compound which is 
better than antipyriiie in regard to strength and duration 
of effect is the 4-dimethyl-amino-antipyrine, which is 
called Pyramidon (IV). 

IV. Pyramidon 
CHa 

I 

/N C— CH3 

C6H5-N< II 

I 

N(CH3)2 

1 Michaelis, Ann. Chem., 320, 1 (1902). 

2 Curtius, Ber., 26, 408 (1893). 

' Filehne, Z. kUn. Med., 32, 568 (1907). 
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[3] Antipyrine (V) is considerably more poisonous than 
the ordinary antipyrine; but when we go to the dimethyl- 
amino derivatives we find the situation reversed. 

V. [3] Antipyrine 
CHs 

I 

/N CO 

CeHs-N/ I 

^CH = C-CH3 

Iso-antipyrine (VI) is, so far as toxicity is concerned, 
about like ordinary antipyrine.^ 

VI. Iso-antipyrine 

CHs 

I 

/N CH 

C6H5-N< II 



The Purine Group 

This group is important on account of the diuretic 
effect that is found in most of its members. The member 
of the group that was formerly of greatest therapeutic 
importance is caffeine (I). Associated with its diuretic 
action there is a stimulating effect upon the nervous 
system. 

I. Caffeine 

HsC— N CO 

I I 

CO C— NCHg 



> 



HgC— N C— N 

1 Kobert, Z. klin. Med., 62, 57 (1907). 
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Xanthine (II) has practically no diuretic effect. Of 
its monomethyl derivatives the 3-methyl xanthine (III) 
is more distinctly diuretic, and the 7-methyl-xanthine 
(heteroxanthine) (IV) is only insignificantly diuretic in 
action. 



II. Xanthine 
HN CO 



III. 3-Methyl Xanthine 
HN CO 



CO 



HN- 



C— NH 
>CH 



CO 



-C— N 



H3C— N- 



C— NH 
>CH 



-C— N 



IV. Heteroxanthine 
HN CO 

I I 

CO C— N-CHs 

>CH 



HN- 



> 



-C— N 



The dimethyl xanthines are more strongly diuretic than 
caffeine. Of these theobromine (V) is the least active, 
while theophylline (VI) and para-xanthine (VII) act more 
strongly.^ 

V. Theobromine 
HN CO 

I I 

CO O-N— CH3 

\r 



H3C— N- 



>CH 



O— N 



Theophylline (Theocine) is the most rapidly powerful 

of all in its action, but its effect diminishes very quickly. 

' Arch. exp. Path. Pharm., 44, 319 (1900). 
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VI. Theophylline (Theocine) 

H3CN CO 

I 



GO 



H3CN- 



0— NH 
>CH 

■C— N 



V^II. Pakaxanthine 

H3CN CO 

I I 

CO C— N.CH3 

^CH 



HN- 



-C— N 



It has been determined that the effect of theocine is 
due only to the closing of the imide-azol ring.^ Ethyl- 
methyl-xanthine is similar in action to theobromine.^ 
Other members of the group which also act as diuretics 
are ethyl-theobromine, ethyl-para-xanthine and ethyl- 
theophyUine. Ethyl-theophylline is weaker than ethyl- 
theobromine.^ 

8-dimethyl-amino-para-xanthine (Paraxine) (VIII) acts 
very energetically and persistently but not instantly like 
theophylline. 

VIII. Paraxine 

H3CN CO 

I I 

CO O-N— CH3 



HN- 



> 



C-N(CH3)2 



-C^N 



•Dreser, Pfluger's Arch., 102, 1 (1904), 

' Birk, Dissertation, Halle- Wittenburg, 1905. 

* Bergall and Richter, Z. exp. Path., 1, 655 (1905). 



NITROGEN COMPOUNDS 



147 



8-dimethyl-amino-heteroxanthine, on the other hand, 
like theophylUne, acts intensely but only for a short time.^ 
Uric acid (IX) is a diuretic according to Starkenstein,^ 
but in large doses it injures the kidneys. 



IX. 
HN — 



Uric Acid 
— CO 



CO 



HN- 



C— NH 

\co 

C— NH 



3- and 7-methyl uric acid (X), (XI), cause at first anuria, 
then a strong flow of urine. 

X. 3-Methyl Ukic Acid 
HN CO 



CO 



H3CN- 



C— NH 
^CO 

-0— NH 



XI. 7-Methyl Uric Acid 
HN CO 

CO C— NCH3 

>C0 



HN- 



> 



-C— NH 



1-3 dimethyl uric acid (XII) has a slight diuretic action 
and is non-injurious. 1-3-7 trimethyl uric acid (hydroxy- 
caffeine) (XIII) is a strong diuretic and is also non- 
injurious at least in the case of rabbits. 

' Forschback and Weber, Arch. exp. Path. Pharm., 56, 186 
(1907). 

2 Starkenstein, Arch. exp. Path. Pharm., 57, 27 (1907). 
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XII. 1-3 Dimethyl Uric Acid 

HsC-N CO 

I I 

CO C— NH 

"^CO 



-C— NH 



H3CN- 

XIII. Hydroxy Caffeine 
H3C— N CO 



CO 



H3C— N- 



C— N— CHs 

\co 

-C— NH 



The derivatives of the closely related azinpurine (XIV) 
act as diuretics similarly to the purine derivatives; but 
they are distinguished from the latter in having a stronger 
cramp-excitant effect.'^ 

XIV. Azinpurine 
N CH 

I I 

HC C— N=CH 

II II I 
N ;C— Nr=CH 

According to Levene^ even thymine (XV) acts like 
the dimethyl and trimethyl xanthines. 

XV. Thymine 

HN CO 

I I 

CO G— CH3 



HN- 



-CH 



1 Sachs and Meyerheim, Ber., 41, 3959 (1908). 

2 Levene, Biochem. Zeitschr., 4, 816 (1907). 
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Hydrazine, Its Derivatives, and Hydroxylamine 

Hydrazine or diamide, H2N — NH2, is much more 
poisonous than ammonia.^ Subcutaneous injection of the 
sulphate in quantities of 0.1 gm. per kg. of body-weight 
causes in the case of a dog, an excitation, then depression 
and finally coma. There occur irregularity of the pulse, 
vomiting, sahvation and evacuation of the bowels. The 
quantity of allantoin in th« urine, and possibly in the 
saliva is increased. 

The entry of acid radicles into the molecule weakens 
both the chemical reactivity and the physiological ac- 
tivity. Dibenzoyl-diamide has, according to Borissow, a 
weaker action than diamide. Morevoer the action is 
manifested by somewhat different phenomena. The phys- 
iological action is also less in the case of semi-carbazide, 

H2N— CO— NH— NH2, 

and amino-guanidine, 

H2N— C(NH)— NH— NH2; 

but pyrocatechin-mono-carbonic acid-hydrazide, 

HO— C6H4— 0— CO— NH— NH2 

is said to act about like free hydrazine.^ 

The derivatives of phenyl hydrazine were subjected to 
a great deal of investigation, because it was expected that 
among these compounds there might be found substitutes 
for antipyrine. The reason for this expectation was the 
constitutional formula which was originally ascribed to 

'Loew, Ber., 23, 3203 (1890); Borissow, Z. physiol. Chem., 
19, 499 (1894). 

2 Loew, Chem. Ztg., 22, 349 (1898). 
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that valuable medicinal body — Antipyrine. Phenyl hy- 
drazine itself is a powerful poison for all the tissues and 
for the coloring matter of the blood. ^ 

A strong febrifuge effect, but at the same time a strong 
toxic effect, were found for the mono-acetyl compound 
CeNs-NH-NH-CO-CH;, (hydracetine),^ and for the 
diacetyl compound. The diacetyl body is weaker in 
action than the monacetyl derivative. Similar effects 
were observed with phenyl hydrazine-levulinic acid, 
which was called Anti-thermine, 

/CHg 
C6H5NH.N=C< 

\CH2CH2COOH 

according to Nicot,^ and monobenzoyl hydrazine.* 

Several aromatic semicarbazides seem to be more 
fitted for therapeutic use, because they have less side 
effects, and they have a distinct anti-thermic action.^ 
Two such bodies which were particularly recommended 
were carbaminic-acid-metatolylhydrazide (Maretine),^ 

yCHa 

\NH— NH— CO— NH2 
and metabenzamido-semicarbazide (Cryogenine) J 
.CO— NH2 

C6H4<' 

^NH— NH— CO— NH2 

1 Hoppe-Seyler, Z: physiol. Chem., 9, 34 (1885). 

2 Guttman, Berl. klin. Wochschr., 26, 437 (1889). 
' Nicot, Nouv. Remedes, 1887. 

< Heinz, Berl. kUn. Wochschr., 27, No. 3 (1890); Virchow'S 
Arch., 122, 114 (1890). 

'Lumifere and Chevrotier, Compt. rend., 135, 187 (1902). 

«Barjansky, Berl. klin. Wochschr., 41, 607 (1904). 

' LumiSre and Chaumier, Nouv, Remedes, 19, 289 (1902). 
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Hydroxylamine is similar to hydrazine, not only chem- 
ically, but also physiologically. Like hydrazine it exhibits 
a strong toxic action and destroys the coloring matter 
of the blood. 1 Binz^ attempted to ascribe the effect 
in part to the formation of nitrites, but this contention 
was refuted by Loew.^ There is on record one case of 
poisoning by phenyl hydroxylamine.^ 

The aldoximes exhibit, according to Bonfred,^ the 
combined effect of the corresponding aldehydes and 
nitrites. This effect is probably produced by oxidation 
of the oximido group which is split off, 

Derivatives of Hyponitrous Acid 

Diazomethane CH2,<' 1 1 , is an exceedingly poisonous 

gas.^ It causes difficulty in breathing, pains in the chest, 
and general depression. According to Jaffe "^ the aromatic 
azo compounds are also poisonous, because of the ease 
with which they split off gaseous nitrogen. Diazobenzol 
causes hsemoglobinuria.^ Azo dyes are in general not 
poisonous for mammals. A number of dyes derived from 
benzidine have proved to be effective against certain 
animal parasites (trypanosomes) .® These bodies are com- 
binations of tetra-azotized benzidine or its ortho-sulphonic 

' Raimundi and Bertoni, Gaz. chim. ital., 12, 199 (1882). 
2 Binz, Arch. exp. Path. Pharm., 36, 403 (1895). 
' Loew, Ber., 23, 3206 (1890). 

* Lewin, Arch. exp. Path. Pharm., 35, 401 (1895). 

' Frankel, Arzneimittelsynthese, 2d Ea., pp. 72-73. 

»v. Pechmann, Ber., 27, 1888 (1894). 

'Jaffe, Arch. exp. Path. Pharm., 35, 413 (1895). 

* Baumann and Herter, Z. physiol. Chem., 1, 267 (1877). 

9 Ehrlich and Shiga, Berl. kUn. Wochschr., 41, No. 13-14 (1904). 
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acid, or Its ortho-dichlor compound with two molecules of 
2-amino-naphthaline-3-6-disulphonic acid (Trypan red) or 
with other naphthaline 3-6-disulphonic acids. According 
to Ehrlich ^ other radicles can be introduced into these 
bodies, preferably in the 7 position. Combinations with 
l-8-amino-naphthol-3-6 disulphonic acid are also effective 
against certain trypanosomes.^ 

Azoimide is less poisonous for plants than either hydra- 
zine or hydroxylamine. But for mammals it causes 
lightning-like cramps and sometimes immediate death, 
with a dark coloring of the blood.^ Loew attributes the 
effect to a reaction of the sudden breaking down of the 
protoplasm. 

A brief review of our discussion of the organic com- 
pounds may now be profitable. We have studied cer- 
tain groupings which furnish the preliminary basis for 
certain effects. Then we have observed that, given these 
fundamental nuclei, the physiological action of the com- 
pounds may be varied — either weakened or strengthened 
or modified by the action of individual side chains. 
Among those side chains which seem to release the latent 
action of the nucleus we find those groups which also 
favor an increased chemical activity. The strikingly 
noticeable groups of this sort are the amino, hydroxyl 
and carbonyl groups. In fact these groups are so power- 
ful in this manner that it is frequently necessary to intro- 
duce other groups with a weakening effect before the 
compound is suitable for safe and reliable therapeutic 

1 Ehrlich, Berl. klin. Wochschr., 44, No. 9-12 (1907). 

2 NiooUe and Mesnil, Ann. inst. Pasteur, 20, 417, 513 (1906). 
'Loew, Ber., 24,2947 (1891). 
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use. Such a weakening of action may naturally be pro- 
duced upon amino bodies by introducing acid constituents. 
A possibility which is to be guarded against is the carrying 
of this weakening effect so far as to destroy the action 
entirely. Such is often the case with carboxylic acids 
and even more frequently with sulphonic acids. This is 
easily understood from a chemical standpoint, because 
we have strongly acid groups introduced into basic com- 
pounds and we should expect this to wholly change the 
character of the compound. But this same phenomenon 
is also observed in the case of compounds which are 
already of an acid nature such as phenols. In such cases 
we should expect an increase rather than a decrease of 
effect upon introducing an acid radicle. We are, however, 
reasonably certain in saying that in this case there is 
another factor which plays a very large part. This 
factor is the distribution coefficient. The carboxylic 
acids and sulphonic acids must of course enter the body 
fluids in the form of their alkali salts, and these substances 
are not nearly so easily taken up by the tissue cells as are 
the free phenols. 

The alkyls we found to play an important role in several 
ways. In the first place, we repeatedly observed that 
their accumulation about certain groups is a condition 
for sleep-producing effects. The alkyl groups also have 
a specific action when combined to the ring by means of 
oxygen, thus acting as closures for hydroxyl or carboxyl 
groups. In the case of hydroxyl groups their function is 
frequently a softening of the otherwise violent reaction. 
In the case of carboxyl groups their effect is generally in 
the nature of a neutralization of the disturbing effect of 
violent action. The alkoxyl group occasionally also 
strengthens an effect; but such action is probably explica- 
ble in most cases by a change in the distribution coefficient. 
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Although in general the alkyl groups are about the same 
in effect, yet in some cases there are decided differences. 
This is particularly noticeable in the case of the sleep- 
producing compounds. In fact in this respect special 
action was for some time assigned to the ethyl group. 
But more recent observations have shown that the propyl 
groups are at least the equal if not superior to the ethyl. 
This seems to be the case with some series where equi- 
valence of all alkyl radicles was assumed merely from an 
observation and comparison of the methyl and ethyl 
compounds. Thus, according to Sttirmer and Liiders ^ the 
propyl ester of para-amino benzoic acid (Propsesin) is 
essentially more active than the corresponding ethyl 
ester (Ansesthesin) . 

An a priori opinion, that is only too readily conceived, 
is that the combination of several substances which act 
in a similar direction will result in an especially desirable 
action. But this has often led to disillusionment and 
failure. Examples of such failures we noted in the com- 
binations of salicylic acid with other febrifuges. More 
recently Stiirmer and Liiders ^ report a fact which 
appeared, to them at least, to be very striking — namely 
that the esters of para-amino benzoic acid with phenols 
and hydroaromatic alcohols (as guaiacol, thjonol, men- 
thol) , which in themselves have an anaesthetic action, are 
really weaker in effect than the corresponding com- 
pounds of aliphatic alcohols. There may be several 
reasons for this. In the first place it is likely that 
such compounds can act only in the form of their 
decomposition products. This splitting up proceeds 
only with difficulty, as is generally the case for these sali- 
cyUc acid compounds. Then, too, it may be that in 

' Sttirmer and Liiders, Deut. med. Wochschr., 34, 2310 (1908) 
nbid. 
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order to be effective, both components must find anchor- 
age at the same point. If such were the case it is quite 
possible that the physiologically less active component 
may hold off or stand in the way of the more active one. 
Even in cases where the effects of the components do 
seem to be additive in a positive manner, there still 
remains to be decided by experimentation in each individ- 
ual case, whether the proportion of the two which holds in 
a chemical combination is that proportion which gives 
the best physiological results. Therefore we must con- 
fess that work which looks toward a s3nQthesis of such 
compounds is in general not a promising field. 

It will of course be understood that this treatise has 
not attenipted to refer to all the observations which 
are relevant to the subject. Only the most important 
and most thoroughly investigated groups have been 
considered. We have not touched upon the interesting 
subject of the effect of constitution upon the odor and 
taste of chemical compounds. Those who are inter- 
ested in this subject we would refer to the writings of 
Zwaardemaker, "Die Physiologie des Geruchs," trans- 
lated by Junker von Landegg. 

Unfortunately, experimentation in this field must 
suffer, among other things, from the considerable influence 
of the subjectivity of the observer. For example, opin- 
ions are wholly contradictory whether p-anisol-carbamide 
has a sweet taste like the corresponding phenetol deriva- 
tive or not. We must also remind our readers of the 
complete work of Frankel, "Die Artzneimittelsynthese 
auf Grundlage der Beziehungen zwischen Chemischem 
Aufbau und Wirkung, 2. Aufl., Berlin, 1906, a work which 
has served largely as a guide for the older literature. 
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Biurstall, F. W. Energy Diagram for Gas. With text. ..8vo, i 50 

Diagram sold separately *i 00 

Burt, W. A. Key to the Solar Compass i6mo, leather, 2 50 

Buskett, E. W. Fire Assaying i2mo, =^1 25 

Butler, H. J. Motor Bodies and Chasis Svo, *3 00 

Butler, T. H. An Oil Trade Calculator i2mo, 3 00 

Byers, H. G. An Outline of Qualitative Analysis of Inorganic 

Substances ..,,,,..,, , i2mo, 2 00 

Cain, W. Brief Course in the Calculus i2mo, *i 75 

Elastic Arches i6mo, o 75 

Maximum Stresses i6mo, o 75 

Practical Designing Retaining of Walls lemo, o 75 

Theory of Steel-concrete Arches and of Vaulted Struc- 
tures i6mo, o 75 

Theory of Voussoir Arches i6mo, o 75 

Calvert, G. T. The Manufacture of Sulphate of Ammonia 

and Crude Ammonia lamo, 4 00 

Cameron, J. W. Centrifugal Pumps Svo, 3 75 

Camm, S. Aeroplane Construction i2mo, 3 00 

Carey, A. E., and Oliver, F. W. Tidal Lands Svo, 5 00 

Carhart, H. S. Thermo-Electromotive Force in Electric 

Cells i2mo, 2 00 
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Carpenter, R. C, and Diederichs, H. Internal-Combustion 

Engines Sto, 

Carpmael, H. Electric Welding and Welding Appliances. 4to, 

Carter, H. A. Ramie (Rhea), China Grass i2mo. 

Carter, H. R. Modern Flax, Hemp, and Jute ^pinning. .8vo, 

Bleaching, Dyeing and Finishing of Fabrics... 8vo, 

Cary, E. R. Solution of Railroad Problems With the Use of 

the Slide Rule i6mo, 

easier, M. D. Simplified Reinforced Concrete Mathematics, 

i2mo, 
Cathcart, W. L. Machine Design. Part I. Fastenings. . .8vo, 
Cathcart, W. L., and Chaffee, J. I. Elements of Graphic 

Statics 8vo, 

• Short Course in Graphics i2mo, 

Caven, R. M. Foundations of Chemical Theory 8vo, 

Caven, R. M., and Lander, G. D. Systematic Inorganic Chem- 
istry i2mo, 

Chalkley, A. P. Diesel Engines Svo, 

Chalmers, T. W. The Production and Treatment of Veg- 
etable Oils 4to, 

Paper Making and Its Machinery 4to, 

The Gyroscopic Compass Svo, 

Chamber's Mathematical Tables Svo, 

Chambers, G. F. Astronomy i6mo, 

Chappel, E. Five Figure Mathematical Tables Svo, 

Charnock. Mechanical Technology Svo, 

Charpentier, P. Timber Svo, 

Chatley, H. Principles and Designs of Aeroplanes i6mo, 

How to Use Water Power i2mo, 

Gyrostatic Balancing Svo, 

Child, C. D. Electric Arc Svo, 

Christian, M. Disinfection and Disinfectants izmo, 

Christie, W. W. Boiler-waters, Scale, Corrosion, Foaming, 

Svo, 

Chimney Design and Theory Svo, 

Furnace Draft i6mo, 

- — Water, Its Purification and Use in Industries Svo, 3 00 

Christopher, J. E., and Byrom, T. H. Modern Coking Practice. 

2 vols Svo, 800 
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Church's Laboratory Guide 8vo, 2 50 

Cisis, H. A. Modern Marine Engineering. .i2mo, fabrikoid, 3 00 

Practical Electrical Engineering izmo, 2 00 

Clapham, J. H. Woolen and Worsted Industries 8vo, 2 00 

Clapperton, G. Practical Papenuaking 8vo, 3 00 

Clark, A. G. Motor Car Engineering. 

Vol. I. Construction ; 8vo, 4 00 

Vol. II. Design 8vo, 3 So 

Clark, C. H. Marine Gas Engines i2mo, fabiikoid, 2 00 

Clark, J. W., and Scott, W. Plumbing Practice. 

Vol. I. Lead Working and Plumbers' Materials. .8vo, *4 00 

Vol. II. Sanitary Plumbing and Fittings (In Press.) 

Vol. III. Practical Lead Working on Roofs (In Press.) 

Clarkson, R. P. Elementary Electrical Engineering. .. .i2mo, 2 00 

Clerk, D., and Idell, F. E. Theory of the Gas Engine. .lemo, o 75 
Clevenger, S. E. Treatise on the Method of Government 

Surveying i6mo, mor., 2 50 

Clouth, F. Rubber, Gutta-Percha, and Balata 8vo, (Reprinting.) 

Cochran, L. Concrete and Reinforced Concrete Specifications. 

Svo, X 50 

Treatise on Cement Specifications Svo, i 00 

Cocking, W.C. Calculations of Steel-Frame Structures. i2mo, 2 50 
Co£S.n, J. H. C, and Collins, E. B. Navigation and Nautical 

Astronomy fabrikoid, i2mo, 3 00 

Colburn, Z., and Thurston, R. H. Steam Boiler Explosions. 

i6mo, o 75 

Cole, R. S. Treatise on Photographic Optics i2mo, 2 00 

Coles, A. C. Critical Microscopy Svo (In Press.) 

Coles-Finch, W. Water, Its Origin and Use Svo, 3 50 

Collins, C. D. Drafting Room Methods, Standards and 

Forms Svo, 200 

Collins, S. Hoare. Plant Products and Chemical Fertilizers, 

Svo, 3 00 
Chemical Fertilizers 3 50 

CoUis, A. G. High and Low Tension Switch-Gear Design. Svo, *3 50 

■ Switchgear , i2mo, o 50 

Colver, E. D. S. High Explosives Svo, 1000 
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Comstock, D. F., and Troland, L. T. The Nature ot Matter 

and Electricity i2mo, 2 50 

Coombs, H. A. Gear Teeth i6mo, o 75 

Cooper, W. R. Primary Batteries 8vo, *6 00 

Copperthwaite, W. C. Tunnel Shields 4to, • (Reprinting.) 

Corfield, W. H. Water and Water-Supply i6mo, o 75 

Cornwall, H. B. Manual of Blow-pipe Analysis 8vo, ''2 so 

Cosgrove, J. F. Coal 8vo, 350 

Couch, J. F. Dictionary of Chemical Terms. .i2mo, fabrikoid, 2 50 

Cowee, G. A. Practical Safety Methods and Devices . , . . Svo, 4 00 

Cowell, W. B. Pure Air, Ozone, and Water i2mo, *2 50 

Craig, J. W., and Woodward, W. P. Questions andi Answers 

About Electrical Apparatus i2mo, leather, i 50 

Craig, T. Wave and Vortex Motion i6mo, o 75 

Crehore, A. C. Mystery of Matter and Energy lamo, i 00 

The Atom lamo, 2 00 

Crocker, F. B., and Arendt, M. Electric Motors Svo, 300 

and Wheeler, S. S. The Management of Electrical 

Machinery i2mo, *i 00 

Crosby, E. U., Fiske, H. A., and Forster, H. W. Handbook 

of File Protection fabrikoid, i2mo, 4 00 

Cross, C. F., Bevan, E. J., and Sindall, R. W. Wood Pulp 

and Its Uses Svo, 3 50 

Crosskey, L. R. Elementary Perspective Svo, i 50 

Crosskey, L. R^ and Thaw, J. Advanced Perspective. . . .Svo, 2 00 

Cushing, H. C, Jr., and Harrison, N. Central Station Man- 
agement *2 00 

Dadourian, H. M. Analytical Mechanics Svo, 3 75 

Graphic Statics Svo, o 75 

Danby, A. Natural Rock Asphalts and Bitumens Svo, *2 50 

Darling, E. R. Inorganic Chemical Synonyms i2mo, i 00 

Davenport, C. The Book Svo, -j. 50 

Davey, N. The Gas Turbine Svo, *4 00 

Davies, F. H. Electric Power and Traction Svo, *2 00 

Foundations and Machinery Fixing r6mo *i 00 

Davies, J. H. Modern* Methods of Welding (In Press.) 

Davis, A. M. Introduction to Paleontology Svo, 3 so 



12 


00 


7 


50 


*5 


00 


*2 


00 


V 


oo 


o 


75 


I 


50 


9 


00 


o 


75 


»i 


00 


4 


oo 


7 


00 


6 


00 



12 D. VAN NOSTRAND COMPANY'S SHORT-TITLE CATALOG 

Deerr, N. Sugar Cane 8vo, 

Deite, C. Manual of Toilet Soap-Making 8vo, 

De la Coux, H. The Industrial Uses of Water 8vo, 

Del Mar, W. A. Electric Power Conductors 8vo, 

Denny, G. A. Deep-Level Mines of the Rand 4to, ' 

De Rods, J. D. C. Linkages i6mo, 

Derr, W. L. Block Signal Operation oblong lamo, 

Desaint, A. Three Hundred Shades and How to Mix Them. 

8vo, 

De Varona, A, Sewer Gases i6mo, 

Devey, H. G. Mill and Factory Wiring izmo, 

Dichmann, C. Basic Open-Hearth Steel Process 8vo, 

Dieterich, K. Analysis of Resins, Balsams, and Gum Resins. 

8vo, 

Dilworth, E. C. Steel Railway Bridges 4tOi 

Dinger, Lieut. H. C. Care and Operation of Naval Ma- 
chinery lamo, 3 00 

Dizon, D. B. Machinist's and Steam Engineer's Practical 

Calculator i6mo, mor., i 25 

Dobson, E. Manufacture of Bricks and Tiles. i2mo, 275 

Dommett, W. E. Motor Car Mechanism i2mo, *a 00 

Dorr, B. F. The Surveyor's Guide and Pocket Table-book. 

i6mo., mor., a 00 
Draper, C. H. Heat and the Principles of Thermo-dynamics, 

i2mo, 2 25 

Draper, E. G. Navigating the Ship fabrikoid, i2mo, 2 00 

Dubbel, H. High Power Gas Engines 8vo, *5 00 

Dumbleton, J. E. Aerial Navigation i2mo, 4 00 

Dumesny, P., and Noyer, J. Wood Products, Distillates, and 

Extracts 8vo, 6 50 

Duncan, W. G., and Penman, D. The Electrical Equipment of 

Collieries 8vo, *5 00 

Dunkley, W. G. Design of Machine Elements. 2 vols. 

8vo, each, 2 00 
Dunstan, A. E., and Thole, F. B. T. Textbook of Practical 

Chemistry i2mo, 3 00 

Durand, W. F. Hydraulics of Pipe Lines. 8vo, 4 50 

Durham, H. W. Saws 8vo, 2 50 

Duthie, A. L. Decorative Glass Processes.... 8vo, 2 50 

Dwight, H. B. Transmission Line Formulas 8vo, 2 00 
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Dyke, A. L. Dyke's, Automobile and Gasoline Engine 

Encyclopedia 8vo, 6 00 

Dyson, S. S. A Manual of Chemical Plant. 12 parts. 

4to, paper, 7 50 
■ and Clarkson, S. S. Chemical Works. 8vo, 9 00 

Eccles, W. H. Wireless Telegraphy and Telephony. . .i2mo, 

{i\'cw Edition in Preparation.) 

Eck, J. Light, Radiation and Illumination Svo, "2 50 

Eddy, L. C. Laboratory Manual of Alternating Currents. lamo, o 50 

Edelman, P. Inventions and Patents i2mo, 2 00 

Edgecmnbe, K. Industrial Electrical Measuring Instruments, 

■V:, Svo, 5 00 

Edler, R. Switches and Switchgear Svo, 350 

Eissler, M. The Metallurgy of Gold Svo, 9 00 

The Metallurgy of Silver Svo, 4 00 

The Metallurgy of Argentiferous Lead Svo, 6 25 

Ekin, T. C. Water Pipe and Sewage Discharge Diagrams, 

folio, *3 00 
Eliot, C. W., and Storer, F. H. Compendious Manual of Qualita- 
tive Chemical Analysis i2mo, i 50 

Eliott, A. W. M. Rectangular Areas i2mo, 3 00 

Ellis, C. Hydrogenation of Oils !...Svo, 750 

Ultraviolet Light, its Application in Chemical Arts, 

i2mo (/» Press.) 

.alid MacLeod, A. L. Vital Factors of Food Svo (/n Press.) 

and Meigs, J. V. Gasoline and Other Motor Fuels.. Svo, lo 00 

Ellis, G. Modern Technical Drawing Svo, *z 00 

Modern Practical Carpentry. ; 4to, 7 50 

Ennis, Wm D. Linseed Oil and Other Seed Oils Svo, 5 00 

Applied Thermodynamics Svo, s 00 

Flying Machines To-day i2mo, *i 50 

Thermodynamics, Abridged Svo, 4 00 

Vapors for Heat Engines i2mo, 'i 00 

Ermen, W. F. A. Materials Used in Sizing Svo, *2 00 

Erwin, M. The Universe and the Atom i2mo (Reprinting) 

Ewing, A. J. Magnetic Induction in Iron Svo, *5 00 
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Faber, 0. Ferraris' Dioptric Instruments 8vo, 300 

Fage, A. Airscrews in Theory and Practice 4to, 10 00 

Fairchild, J. F. Graphical Compass Conversion Chart and 

Tables o 50 

Fairie, J. Notes on Lead Ores nmo, *o 50 

Notes on Pottery Clays i2mo, *2 00 

Fairlejr, W., and Andre, Geo. J. Ventilation of Coal Mines. 

lemo, o 75 

Falrweather, W. C. Foreign and Colonial Patent Laws . . .8vo, *3 00 
Falk, K. 6. Chemical Reactions: Their Theory and Mechanism, 

i2mo, 2 50 

Fanning, J. T. Hydraulic and Water-supply Engineering. 8vo, *5 00 

Famsworth, P. V. Industrial Mathematics izmo, 250 

Fay, I. W. The Coal-tar Dyes 8vo, 5 00 

Fernbach, R. L. Glue and Gelatine 8vo, *3 00 

Fierz-David, Dr. H. E. The Fundamental Processes of Dye 

Chemistry 6 00 

Findlay, A. The Treasures of Coal Tar i2mo, i 25 

Firth, J. B. Practical Physical Chemistry i2mo, *i 25 

Fischer, E. The Preparation of Organic Compounds. .i2mo, 2 00 
Fisher, H. K. C, and Darby, W. C. Submarine Cable Testing. 

8vo, *4 00 

Fleischmann, W. The Book of the Dairy 8vo (Reprinting.) 

Fleming, J. A. The Alternate-current Transformer. Two 

Volumes 8vo, 

Vol. I. The Induction of Electric Currents *6 50 

Vol. II. The Utilization of Induced Currents *6 50 

Propagation of Electric Currents 8vo, 3 75 

A Handbook for the Electrical Laboratory and Testing 

Room. Two Volumes 8vo, each, *6 50 

Fleury, P. Preparation and Uses of Wiite Zinc Paints. .8to, 3 00 

Flynn, P. J. Flow of Water i2mo, o 75 

Hydraulic Tables i6mo, o 75 

Formanek, Dr. J. Benzine and Mineral Lubricants 8vo, 5 00 

Foster, H. A. Electrical Engineers' Pocket-book. (Seventh 

Edition.) i2mo, leather, s 00 

Engineering Valuation of Public Utilities and Factories, 

8vo, *3 00 
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Fowle, F. F. Overhead Transmission Line Crossings .. ..1 2mo, *i 50 

The Solution of Alternating Current Problems 8vo (In Press.) 

Fox, W. G. Transition Curves i6mo, o 75 

Fox, W., and Thomas, C. W. Practical Course in Mechanical 

Drawing i2mo, i 23 

Foye, J. C. Chemical Problems i6mo, o 75 

Handbook of Mineralogy i6mo, o 75 

Francis, J. B. Lowell Hydraulic Experiments 4to, is 00 

Franzen, H. Exercises in Gas Analysis i2mo. *i 00 

Fraser, E. S., and Jones, E. B. Motor Vehicles and Their 

Engines 8vo, fabrikoid, <2 00 

Frederick, R. C, and Forster, A. Public Health Chemical 

Analysis 8vo 4 50 

Freudemacher, P. W. Electrical Mining Installations, .izmo, "i 00 

Friend, J. N. The Chemistry of Linseed Oil i2mo, i 00 

Fritsch, J. Manufacture of Chemical Manures 8vo, 600 

Frye, A. I. Civil Engineers' Pocket-book i2mo, leather, *5 00 

Fuller, G. W Investigations into the Purification of the Ohio 

River 4to, *io 00 

Fumell, J. Paints, Colors, Oils, and Varnishes. .Svo (Reprinting.) 

Gandswindt, A. Dyeing Silk, Mixed Silk Fabrics and Arti- 
ficial Silks Svo, 5 00 

Gant, L. W. Elements of Electric Traction Svo, "2 50 

Garcia, A. J. R. V. Spanish-English Railway Terms. .Svo, 3 00 
Gardner, H. A. Paint Researches and Their Practical 

Applications Svo, 6 00 

Gardner, J. W. F. Earthwork in Railway Engineering .. Svo, 3 50 

Garforth, W. E. Rules for Recovering Coal Mines after Explo- 
sions and Fires i2mo, leather, i 50 

Garrard, C. C. Electric Switch and Controlling Gear... Svo, 10 00 
Gear, H. B., and Williams, P. F. Electric Central Station Dis- 
tribution Systems Svo, 3 50 

Geddes, A. E. M. Meteorology (In Press.) 

Geerligs, H. C. P. Cane Sugar and Its Manufacture. .Svo. 

(Reprinting.) • 
Chemical Contrd in Cane Sugar Factories 4to, 5 00 
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Geikie, J. Structural and Field G«ology 8vo, 7 50 

Georgi, F., and Schubert, A. Sheet Metal Working 8vo, 3 50 

Gerhard, W. P. Sanitation, Water-supply and Sewage Dis- 
posal of Country Houses lamo, 2 50 

Gas Lighting i6mo, o 75 

House Drainage , i6mo, o 75 

Household Wastes i6mo, o 75 

■ Salnitary Drainage of Buildings i6mo, o 75 

Gerhardi, C. W. H. Electricity Meters 8vo, *7 20 

Gibhings, A. H. Oil Fuel Equipment for Locomotives. .8vo, 

{Reprinting) 

Gibbs, W. E. Lighting by Acetylene i2mo, *i 50 

Gibson, A. H. Hydraulics and Its Application ...8vo, *6 00 

Water Hammer in Hydraulic Pipe Lines.. i2mo (Reprinting.) 

Gibson, A. H., and Ritchie, E. G. Circular Arc Bow Girder. 4to, *3 50 

Gilbreth, F. B. Motion Study. . ^ i2mo, *2 00 

Primfer of Scientific Management i2mo, i 25 

Gill, A. H. Gas Analysis for Chemists 8vo, i 25 

Gillmore, Gen. Q. A. Roads, Streets, and Pavements. . .i2mo, i 25 

Godfrey, E. Tables for Structural Engineers. . i6mo, leather, *2 50 

Golding, H. A. The Theta-Phi Diagram lamo, *z 00 

Goodchild, W. Precious Stones 8vo, 2 50 

Goodell, J. M. The Location, Construction and Maintenance 

of Roads 8vo, 2 00 

Goodeve, T. M. Textbook on the Steam-engine i2mo, 2(50 

Gore, G. Electrolytic Separation of Metals 8vo, 4 50 

Gornston, M. H. Operating Engineer's Catechism, 

fabrikoid, i2mo, 4 00 

Gould, E. S. Arithmetic of the Steam-engine i2mo, i 00 

— ^ Calculus ^ lemo, o 75 

High Masonry Dams i6mo, o 75 

Practical Hydrostatics and Hydrostatic Formulas. .i6mo, o 75 

Goulding, E. Cotton and Other Vegetable Fibres 8vo, 3 00 

Gow, C. C. The Electro-Metallurgy of Steel (/n Press.) 

Grard, C. Aluminium and Its Alloys 8vo, 5 00 

Grasser, G. Synthetic Tannins (In Press.) 

Gratacap, L. P. A Popular Guide to Minerals 8vo, 3 00 

Gray, H. H. Gas-Works Products 8vo (In Press.) 

Gray, J. Electrical Influence Machines i2mo, 2 00 

.Marine Boiler Design 8vo, 3 00 
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Greenhill, G. Dynamics of Mechanical Flight 8vo, *2 50 

Greenwood, H. C. The Industrial Gases 8vo, s 00 

Gregorions, R. Mineral Waxes luno, *3 00 

Grierson, B. Some Modern Methods of Ventilation 8vo, 3 00 

GrifSths, A. B. A Treatise on Manures i2mo (ReprinliHg.) 

GrifRth, E. A. Engineering Instruments and Meters 8vo, 6 50 

Gross, E. Hops Svo, *5 00 

Grossman, J. Ammonia and its Compounds i2mo, i 50 

Groth, L. A. Welding and Cutting Metals by Gases or Electric- 
ity Svo, 300 

Gruner, A. Power-loom Weaving Svo, *3 50 

Grunsky, C. E. Topographic Stadia Surveying. fabrikoid, lamo, 2 00 

Gunther, C. 0. Integration Svo, i 50 

Gurden, R. L. Traverse Tables folio, 7 50 

Guy, A. E. Experiments on the Flexure of Beams 8vo, *i 25 

Haenig, A. Emery and the Emery Industry Svo, "2 50 

Hainbach, R. Pottery Decoration i2mo, ♦$ 50 

Hale, A. J. The Manufacture of Chemicals by Electrolysis, 

Svo, 2 00 

Modem Chemistry, Pure and Applied. 

Vols. I, II, in Svo, each, 4 00 

Vols. IV, V, VI (In Preparation.) 

Hale, Harrison. American Chemistry i2mo, 2 00 

Hale, W. J. Calculations of General Chemistry. ..:. .i2mo, i 50 

Hall, C. H. Chemistry of Paints and Paint Vehicles i2mo, *2 00 

Hall, R. H. Governors and Governing Mechanism i2mo, ''2 50 

Hall, W. S. Elements of the Differential and Integral Calculus 

Svo, 2 75 
Descriptive Geometry Svo (In Press.) 

Haller, G. F., and Cunningham, E. T. The Tesla Coil i2mo, *i 25 

Halsey, F. A Slide Valve Gears i2mo, i 50 

The Use of the Slide Rule iGmo, o 7s 

Worm and Spiral Gearing i6mo, 075 

Hamlin, M. L. Action of Chemicals on Industrial Materials, 

(In Press.) 

Hancock, H. Textbook of Mechanics and Hydrostatics Svo, i 50 

Hardy, E. Elementary Principles of Graphic Statics i2mo, *i 50 
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Haring, H. Engineering Law. 

Vol. I. Law of Contract 8vo, *4 oo 

Harper, J. H. Hydraulic Tables on the Flow of Water. i6mo, *2 oo 

Harris, S. M. Practical Topographical Surveying (/■« Press.) 

Harrow, B. Eminent Chemists of Our Times i2mo, 250 

From Newton to Einstein i2mo, i 00 

Harvey, A. Practical Leather Chemistry 8vo, 375 

Tanning Materials 8vo, 3 75 

Haskins, C. H. The Galvanometer and Its Uses. leather, i6mo, i 50 

Hatt, J. A. H. The Colorist square i2mo, 2 00 

Hausbrand, E. Drying by Means of Air and Steam.. i2mo, *z 50 

Evaporating, Condensing and Cooling Apparatus. .Svo, *6 00 

Hausmann, E. Telegraph Engineering Svo. 

(,New Edition in Press.) 

Hausnei, A, Manufacture of Preserved Foods and Sweetmeats. 

Svo, *3 50 
Hawkesworth, J. Graphical Handbook for Reinforced Concrete 

Design 4to, *2 00 

Hay, A. Continuous Current Engineering Svo, 375 

Hayes, H. V. Public Utilities, Their Cost Mew and Deprecia- 
tion Svo, *2 00 

Public Utilities, Their Fair Present Value and Return, 

Svo, *2 00 

Heath, F. H. Chemistry of Photography Svo (/n Press.) 

Heather, H. J. S. Electrical Engineering Svo, *4 50 

Heaviside, 0. Electromagnetic Theory. 

Vols. I and II Svo, each, (^Reprinting.) 

Vol. Ill Svo, (Reprinting.) 

Heck, R. C. H. Steam Engine and Turbine Svo, 4 50 

Steam-Engine and Other Steam Motors. Two Volumes. 

Vol. I. Thermodynamics and Mechanics Svo, 450 

Vol. II. Form Construction and Working Svo, 5 50 

Notes on Elementary Kinematics Svo, boards, *i 00 

'Graphics of Machine Forces Svo, boards, i 25 

Heermann, P. Dyers' Materials i2mo, *3 00 

Henderson, I. F. A Dictionary of Scientific Terms. .. .Svo, 4 50 
Bering, C, and Getmann, F. H. Standard Tables of Electro- 
chemical Equivalents fabrikoid, 2 00 
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Hering, D. W. Essentials of Physics for College Students. 

8vo, *2 25 

Heiington, C. F. Powdered Coal as a Fuel 8vo, 4 50 

Hermann, 6. The Graphical Statics of Mechanism. .i2mo, 2 00 

Herzfeld, J. Testing of Yarns and Textile Fabrics 8vo, 6 00 

Higgins, A. L. The Transition Spiral i2mo, 2 o"o 

Hildenbrand, B. W. Cable-Making i6mo, o 75 

Hilditch, T. P. Concise History of Chemistry i2mo, *i 50 

Electric Trains 8vo, 3 00 

Hill, M. J. M. The Theory of Proportion 8vo, *2 50 

Hillhouse, P. A. Ship Stability and Trim 8vo, 5 00 

Hiroi, I. Plate Girder Construction i6mo, 075 

Statically-Indeterminate Stresses i2mo, 2 50 

Hirshfeld, C. F. Engineering Thermodynamics lemo, 075 

Hoar, A. The Submarine Torpedo Boat i2mo, *2 00 

Hobart, H. M. Heavy Electrical Engineering 8vo, *4 50 

Design of Static Transformers i2mo, *2 50 

Electricity 8vo, *2 00 

Electric Trains 8vo, 3 00 

Electric Propulsion of Ships 8vo, *2 50 

Hobart, J. F. Hard Soldering, Soft Soldering, and Brazing . 

i2mo, I 25 
Hobbs, W. R. P. The Arithmetic of Electrical Measurements 

i2mo, o 75 

Hoff, J. N. Paint and Varnish Facts and Formulas i2mo, 2 00 

Hole, W. The Distribution of Gas Svo, 7 50 

Holmes, A. Nomenclature of Petrology 8vo, 3 50 

Petrographic Methods and Calculation Svo, 600 

Hopkins, N. M. Model Engines and Small Boats i2mo, i 25 

The Outlook for Research and Invention i2mo, 2 00 

Hopkinson, J., Shoolbred, J. N., and Day, R. E. Dynamic 

Electricity i6mo, o 75 

Horner, J. Practical Ironfounding Svo, *2 00 

Gear Cutting, in Theory and Practice Svo, {Reprinting.) 

Houghton, C. E. The Elements of Mechanics of Materials, 

i2mo, 2 50 

Houstoun, R. A. Studies in Light Production r2mo, 2 00 
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Eovenden, F. Ptactical Mathematics for Young Engineers, 

i2mo, *i 50 

Howe, 6. Mathematics for the Practical Man izmo, i 50 

Howorth, J. Repairing and Riveting Glass, China and Earthen- 
ware 8vo, paper, *o 50 

Hoyt, W. F. Chemistry by Experimentation i2mo, '070 

Hubbard, E. The Utilization of Wood-waste 8vo, 4 50 

Hubner, J. Bleaching and Dyeing of Vegetable and Fibrous 

Materials 8vo, 7 50 

Hudson, 0. F. Iron and Steel 8vo, 300 

Humphreys, A. C. The Business Features ot Engineering 

Practice 8vo, 3 00 

Hunter, A. Bridge Work 8vo (In Press.) 

Hunter, W. H. Dock and Lock Machinery 8vo, 4 50 

Hurst, G. H. Handbook of the Theory of Color 8vo, *3 50 

Dictionary of Chemicals and Raw Products 8vo, *5 00 

Lubricating Oils, Fats and Greases 8vo, *5 00 

Soaps 8vo, 7 00 

Hurst, G. H., and Simmons, W. H. Textile Soaps and Oils, 

8vo, 4 00 

Hurst, H. E., and Lattey, R. T. Text-book of Physics 8vo, *3 00 

Also published in Three Parts: 

Vol. I. Dynamics and Heat i 50 

Vol. II. Sound and Light i 50 

Vol. III. Magnetism and Electricity 2 00 

Hutchinson, R. W., Jr. Advanced Textbook of Magnetism 

and Electricity. 2 vols 8vo, 500 

Long Distance Electric Power Transmission i2mo, 3 00 

— ■ — and Thomas, W. A. Electricity in Mining (/» Press.) 

Hyde, E. W. Skew Arches i6mo, o 75 

Hyde, F. S.^ Solvents, Oils, Gums and Waxes 8vo, *2 00 

Induction Coils i6mo, 075 

Ingham, A. E. Gearing. A practical treatise 8vo, *2 50 

Ingle, H. Manual of Agricultural Chemistry 8vo, 500 
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Inness, C. H. Problems in Machine Design i2mo, "3 00 

-; Centiifugal Pumps ' i2mo, *3 00 

The I'an i2mo, *4 00 

Jacob, A., and Gould, E. S. On the Designing and Construction 

of Storage Reservoirs. i6mo, 75 

Jacobs, F. B. Cam Design and Manufacture Svo, 2 00 

James, H. D. Controllers for Electric Motors Svo, 3 00 

Jehl, F. Manufacture of Carbons Svo, 5 00 

Jennings, A. S. Commercial Paints and Painting. .. .8vo, 250 

Jennison, F. H. The Manufacture of Lake Pigments. .. .Svo, 600 

Jepson, G. CamsandthePrinciplesof their Construction.. . Svo, 'i 50 

Mechanical Drawing Svo [In Preparation.) 

Jervis-Smith, F. J. Dynamometers Svo, *4 00 

Jockin, W. Arithmetic of the Gold and Silversmith . . . i2mo, "i 00 
Johnson, C. H., and Earle, E. P. Practical Tests for the 

Electrical Laboratory (In Press.) 

Johnson, J. H. Arc Lamps and Accessory Apparatus. .i2mo, *o 75 

Johnson, T. M. Ship Wiring and Fitting i2mo, (Reprinting.') 

Johnston, J. F. W., and Cameron, C. Elements of Agricultural 

Chemistry and Geology i2mo, 2 60 

Joly, J. Radioactivity and Geology i2mo, 3 50 

Jones, C. L. Service Station Management Svo, 2 00 

Jones, H. C. Electrical Nature of Matter and Radioactivity 

i2mo, 2 25 

Nature of Solution , Svo, 375 

New Era in Chemistry i2mo, *2 00 

Jones, J. H. Tinplate Industry Svo, *3 00 

Jones, M. W. Testing Raw Materials Used in Paint. .. .i2mo, *2 50 

Jordan, J. B. Crystallography folio, paper, i 00 

Jordan, L. C. Practical Railway Spiral i2mo. Leather, *i 50 

Jijptner, H. F. V. Siderology: The Science of Iron Svo, *5 00 

Kanthack, R., and Goldsmith, J. N. Tables of Refractive 
Indices. 

Vol. I ; Svo, 600 

Vol. II Svo, Q 00 
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Kapp, G. Alternate Current Machinery i6mo, 07s 

Kapper, F. Overhead Transmission Lines 4to, *4 00 

Keim, A. W. Prevention of Dampness in Buildings. .. .8 vo, *a 50 
Keller, S. S., and Knox, W. E. Analytical Geometry and 

Calculus 2 00 

Kemble, W. T., and Underhill, C. R. The Periodic Law and the 

Hydrogen Spectrum 8vo, paper, *o 50 

Kemp, J. F. Handbook of Rocks 8vo, i 75 

Kennedy, A. B. W., and Thurston, R. H. Kinematics of 

Machinery i6mo, o 75 

Kennedy, A. B. W., Unwin, W. C, and Idell, F. E. Compressed 

Air i6mo, 075 

Kennedy, R. Flying Machines; Practice and Design. .i2mo, 2 50 

Principles of Aeroplane Construction 8vo, *2 00 

Kent, W. Strength of Materials i6mo, o 75 

Kershaw, J. B. C. Fuel, Water and Gas Analysis ....8vo, 3 50 

Electrometallurgy 8vo, 2 50 

Electro-Thermal Methods of Iron and Steel Production, 

Svo, 3 00 
The Use of Low-Grade and Waste Fuels for Power 

Generation 8vo, 4 00 

Kingzett, C. T. Popular Chemical Dictionary 8vo, 450 

Kinzbrunner, C. Continuous Current Armatures 8vo, i 50 

Testing of Alternating Current Machines Svo, "2 00 

Kinzer, H. and Walter K. Theory and Practice of Damask 

Weaving 8vo, 4 00 

Kirkaldy, A. W., and Evans, A. D. History and Economics 

of Transport 8vo, *3 00 

Kirkbride, J. Engraving for Illustration 8vo, *i 00 

Kirschke, A. Gas and Oil Engines i2mo, 150 

Kline, J. F. Design of a High speed Steam-engine . . „ „8vo, *s 00 

Physical Significance of Entropy Svo, *i 50 

Klingenberg, G. Large Electric Power Stations 4to, 9 00 

Knight, R.-Adm. A. M. Modern Seamanship, .fabrikoid, Svo, 7 00 

Knott, C. 6., and Mackay, J, S. Practical Mathematics. . Svo, 2 50 

Enoz, J. Physico-chemical Calculations i2mo, i 50 
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Knox, J. Fixation of Atmospheric Nitrogen i2mo, i 25 

Eoester, F. Steam-Electric Power Plants 4to, *5 00 

. Hydroelectric Developments and Engineering 4to, 600 

Koller, T. The Utilization of Waste Products 8vo, *s 00 

Cosmetics 8vo, 3 50 

Koppe, S. W. Glycerine i2mo, *3 50 

Eozmin, P. A. Flour Milling 8vo, 8 50 

Krauch, C. Chemical Reagents 8vo, 7 00 

Kremann, R. Applications of Physico-Chemical Theory to 
Technical Processes and Manufacturing Methods. 

8vo, *3 00 

Kretchmar, K. Yarn and Warp Sizing 8vo, *5 00 

Lallier, E. V. Elementary Manual of the Steam Engine. 

i2mo, *2 00 

Lambert, T. Lead and its Compounds 8vo, ''3 50 

Bone Products and Manures 8vo, *3 so 

Lambom, L. L. Cottonseed Products 8vo, 400 

Modern Soaps, Candles, and Glycerin Svo, 10 00 

Lamprecht, R. Recovery Work After Pit Fires Svo, *5 00 

Lanchester, F. W. Aerial Flight. Two Volumes. 8vo. 

Vol. I. Aerodynamics *6 00 

Vol. II. Aerodonetics *6 00 

The Flying Machine Svo, *3 00 

Industrial Engineering: Present and Post-War Outlook, 

i2mo, I 00 

Lane, F. V. Motor Truck Transportation Svo, 2 00 

Lange, E. R. By-Products of Coal-Gas Manufacture. .i2mo, 2 50 

La Rue, B. F. Swing Bridges i6mo, o 75 

Lassar-Cohn, Dr. Modern Scientific Chemistry i2mo, 225 - 

Latimer, L. H., Field, C. J., and Howell, J. W. Incandescent 

Electric Lighting i6mo, o 75 

Latta, M. N. Handbook of American Gas-Engineering Practice. 

Svo, *5 00 

American Producer Gas Practice 4to, *6 00 

Laws, B. C. Stability and Equilibrium of Floating Bodies . Svo, 4 50 
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Lawson, W. K. British Railways, a Financial and Commer- 
cial Survey 8vo, 2 00 

■ Pocket Edition i2mo, 5 00 

Danger Angle iSmo, 2 50 

Lecky, S. T. S. "Wrinkles" in Practical Navigation, 

fabrikoid, 8vo, 10 00 

Leeds, C.C. Mechanical Drawing for Trade Schools . oblong 4to, 2 25 
- —Mechanical Drawing for High and Vocational Schools, 

I 4to, *i 50 

Principles of Engineering Drawing 8vo, 2 50 

Lefevre, L. Architectural Pottery 4to, *7 00 

Lehner, S. Ink Manufacture Svo, *2 50 

Lemstrom,S. Electricity in Agriculture and Horticulture. . Svo, "i 50 

Letts, E. A. Fundamental Problems in Chemistry Svo, *a 00 

Le Van, W. B. Steam-Engine Indicator i6mo, o 75 

Lewes, V. B. Liquid and Gaseous Fuels 8vo, 3 00 

Carbonization of Coal 8vo, *5 00 

Lewis, L. P. Railway Signal Engineering (Mechanical) . Svo, 5 00 

Lewis Automatic Machine Rifle ; Operation of i6mo, *o go 

Licks, H. E. Recreations in Mathematics i2mo, i 50 

Lieber, B. F. Lieber's Five Letter Standard Telegraphic Code, 

English Edition Svo, *i5 00 

Spanish Edition Svo, ''is 00 

— ■ -French Edition Svo, *i5 00 

Terminal Index Svo, *2 50 

Lieber's Appendix folio, *i5 00 

Handy Tables 4to, *2 50 

Bankers and Stockbrokers' Code and Merchants and 

Shippers' Blank Tables Svo, *i5 00 

100,000,000 Combination Code Svo, *io 00 

Livermore, V. P., and Williams, J. How to Become a Com- 
petent Motorman i2mo, *i 00 . 

Livingstone, R. Design and Construction of Commutators, 

Svo, 4 50 

Mechanical Design and Construction of Generators. .Svo, 4 50 

Lloyd, S. L. Fertilizer Materials i2mo, 2 00 

Lockwood, T D. Electricity, Magnetism, and Electro- teleg- 
raphy Svo, 2 50 

Electrical Measurement and the Galvanometer i2mo, o 75 
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Lodge, 0. J. Elementary Mechanics i2mo, i 50 

Loewenstein, L. C, and Crissey, C. P. Centrifugal Pumps. 8vo, s "0 

Lomax, J. W. Cotton Spinning izmo, i 50 

Lord, E. T. Decorative and Fancy Fabrics ...8vo, *3 50 

Loring, A. E. A Handbook of the Electromagnetic Telegraph, 

i6mo, o 75. 

Lowy, A. Organic Type Formulas o 10 

Organic Type Reactions 0.15 

Wall Chart of Organic Type Formulas (2 parts), 

each 4Z6 ft., 40 00 
and Downey, T. B. Study Question in Organic Chem- 
istry 8V0, paper, i 00 

Lubschez, B. J. Perspective i2mo, 2 00 

The Story of the Motion Picture i2mo, i 00 

Lucke, C. E. Gas Engine Design 8vo, *3 00 

Power Plants: their Design, Efficiency, and Power Costs. 

2 vols {In Preparation.) 

Luckiesh, M. Color and Its Application 8vo, 4 50 

Light and Shade and Their Applications 8vo, *3 00 

Visual Illusions 8vo, 3 00 

Lunge, G. Coal-tar Ammonia. Three Parts 8vo, *25 00 

Manufacture of Sulphuric Acid and Alkali. Four Volumes. 

8vo, 

Vol, I. Sulphuric Acid. In three parts (Reprinting.) 

Vol. I. Supplement {Reprtnting.) 

VoL n. Salt Cake, Hydrochloric Acid and Leblanc Soda. 

In two parts ; (In Press.) 

VoL III. Ammonia Soda (In Press.) 

Vol. IV. Electrolytic Methods (In Press.) 

Technical Chemists' Handbook. ........ .i2mo, leather, *4 00 

Technical Methods of Chemical Analysis. 

Vol I. In two parts 8vo, (New Edition in Press.) 

Vol. II. In two parts 8vo, (New Edition in Press.) 

VoL III. In two parts 8vo, (New Edition in Press.) 

The set (3 vols.) complete (hi Press.) 

.- — Technical Gas Analysis 8vo, *4 50 

Luquer, L. M. Minerals in Rock Sections 8vo, i 75 
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MacBride, J. D. A Handbook of Practical Shipbuilding, 

fabrikoid, lamo, 3 00 

Mackenzie, N. F. Notes on Irrigation Works 8vo, *2 50 

Mackie, J. How to Make a Woolen Mill Pay 8vo, *s 00 

Maguire, Wm. R. Domestic Sanitary Drainage and Plumbing 

8vo, 4 00 

Malcolm, H. W, Submarine Telegraph Cable 9 00 

Malinovzsky, A. Ceramics . ._ fabrikoid, 1 2mo, 300 

Marks, E. C. R. Constructit>n of Cranes and Lifting Machinery 

i2mo, *2 75 

Manufacture of Iron and Steel Tubes i2mo, 2 50 

Mechanical Engineering Materials i2mo, *i 50 

Marks, G. C. Hydraulic Power Engineering 8vo, 450 

Marsh, C. F. Concise Treatise on Reinforced Concrete. . . .8vo, '2 50 

Reinforced Concrete Compression Member Diagram 

Mounted on Cloth Boards *i 50 

Marsh, C. F., and Dunn, W. Manual 0:' Reinforced Concrete 

and Concrete Block Construction i6mo, 2 00 

Marshall, W. J., and Sankey, H. R. Gas Engines 8vo, *2 00 

Martin, G. Perfumes, Essential Oils and Fruit Essences. 8vo, 4 00 

Triumphs and Wonders of Modern Chemistry 8vo, 3 00 

8vo, ''a 00 

Modern Chemistry and Its Wonders 8vo, *3 00 

Martin, N. Properties and Design of Reinforced Concrete, 

8vo, I 50 

Martin, W. D. Hints to Engineers i2mo, 2 00 

Massie, W. W., and Underbill, C. R. Wireless Telegraphy and 

Telephony i2mo, "i 00 

Mathot, R. E. Internal Combustion Engines 8vo, 5 00 

Maurice, W. Electric Blasting Apparatus and Explosives ..Svo, *3 50 

Maxwell, F. Sulphitation in White Sugar Manufacture. i2mo, 4 00 
Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal 

and Sanitary Engineering 4to, '10 00 

Mayer, A. M. Lecture Notes on Physics Svo, 2 00 
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MeCracken, E. M., and Sampson, C. H. Course in Pattern 

Making 4to, 200 

HcCuUough, E. Practical Surveying i2mo, 3 00 

McCullough, R. S, Mechanical Theory of Heat 8vo, 3 50 

McGibbon, W. C. Indicator Diagrams for Marine Engineers, 

evo, 5 00 

Marine Engineers' Drawing Book oblong 4to, *2 50 

Marine Engineers' Pocketbook i2mo 4 50 

Mcintosh, J. G. Technology of Sugar 8vo, *6 00 

Industrial Alcohol 8vo, +3 50 

Manufacture of Varnishes and Kindred In dustries. 

Three Volumes. 8vo. 

Vol. I. Oil Crushing, Refining and Boiling 7 00 

Vol. II. Varnish Materials and Oil Varnish Making 5 00 

Vol. III. Spirit Varnishes and Materials 6 do 

McKillop, M., and McKillop, D. A. Efficiency Methods. 

i2mo, I 50 
McKnight, J. D., and Brown, A. W. Marine Multitubular 

Boilers 8vo, 2 50 

McMechen, F. L. Tests for Ores, Minerals and Metals. .i2mo, i 50 

McNair, F. V. Handbook for Naval Officers, .fabrikoid, i2mo, 4 00 

Meade, A. Modern Gas Works Practice 8vo, *8 50 

Melick, C. W. Dairy Laboratory Guide i2mo, *i 25 

"Mentor." Self-Instruction for Students in Gas Supply, 

Elementary i2mo, 2 50 

Advanced i2mo, -j, so 

Self Instruction for Students in Gas Engineering, i2mo. 

Elementary 2 00 

Advanced 2 00 

Merivale, J. H. Notes and Formulae for Mining Students, 

i2mo, I 00 
Merritt, Wm. H. Field Testing for Gold and Silver. 

i6mo, leather, 2 50 
Mertens, Colonel. Tactics and Technique of River Crossings. 

Translated by Major Walter Krueger 8vo, 3 00 

Mierzinski, S. Waterproofing of Fabrics 8vo, *2 50 

Miessner, B. F. Radiodynamics i2mo, *2 00 
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Miller, W. J. An Introduction to Historical Geology i2mo, 2 50 

Mills, C. N. Elementary Mechanics for Engineers. .. .lamo, i 25 

Mills, John. Within the Atom i2mo, 2 00 

Milroy, M. E. W. Home Lace-making i2mo, f i 00 

Church Lace i2mo, 2 50 

Mitchell, C. A. Mineral and Aerated Waters 8vo, *3 00 

and Prideaux, R. M. Fibres Used in Textile and 

Allied Industries 8vo, *3 50 

Mitchell, C. F. and G. A. Building Construction and Draw- 
ing i2mo 

Elementary Course 2 50 

Advanced Course ., » 4 50 

Monckton, C. C. F. Radiotelegraphy 8vo, *2 00 

Monteverde, R. D. Vest Pocket Glossary of English-Spanish, 

Spanish-English Technical Terms 64mo, leather, i 50 

Montgomery, J. H. Electric Wiring Specifications. .. .i6mo, *i 00 
Moore, E. C. S. New Tables for the Complete Solution of 

Ganguillet and Kutter's Formula 8vo, *6 00 

Moore, Harold. Liquid Fuel for Internal Combustion Engines, 

8vo, 5 00 
Morecroft, J. H., and Hehre, F. W. Short Course in Electrical 

Testing 8vo, 3 00 

Morgan, A. P. Wireless Telegraph Construction for .Amateurs, 

i2mo {New Edition in Press.) 
Morrell, R. S., and Waele, A. E. Rubber, Resins, Paints and 

Varnishes 8vo, 4 00 

Moses, A. J. The Characters of Crystals 8vo, "2 00 

— —and Parsons, C. L. Elements of Mineralogy 8vo, 4 50 

Moss, S. A. Elements of Gas Engine Design lemo, o 75 

. The Lay-out of Corliss Valve Gears i6mo, o 75 

Mulford, A. C. Boundaries and Landmarks i2mo, *i 00 

Munby, A. E. Chemistry and Physics of Building Materials. 

8vo, 2 50 

■ Laboratories, Their Planning and Fittings 4to, 5 00 

Murphy, J. G. Practical Mining i6mo, i 00 

Murray, B. M. Chemical Reagents 8vo, 3 00 

Murray, J. A. Soils and Manures 8vo, *2 00 
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Nasmith, J. The Student's Cotton Spinning 8vo, 5 00 

Recent Cotton Mill Construction i2mo, 3 00 

Neave, G. B., and Heilbron, I. M. Identification of Organic 

Compounds izmo, i 50 

Neilson, R. M. Aeroplane Patents 8vo, *i 00 

Nerz, F. Searchlights 8vo, (Reprinting.) 

Newbigin, M. I., and Flett, J. S. James Geikie, the Man 

and the Geologist 8vo, 3 50 

Newbiging, T. Handbook for Gas Engineers and Managers, 

leather, Svo, 7 50 
Newell, F. H., and Drayer, C. E. Engineering as a Career. 

121UO, cloth, '*'i 00 

Nicol, G. Ship Construction and Calculations Svo, 7 50 

Nipher, F. £. Theory of Magnetic Measurements i2mo, i 00 

Nisbet, H. Grammar of Textile Design Svo, 750 

Nolan, H. The Telescope i6mo, o 73 

Norie, J. W. Epitome of Navigation (2 Vols.) octavo, 15 00 

— ^— A Complete Set of Nautical Tables with Explanations 

of Their Use octavo, 6 50 

North, H. B. Laboratory Experiments in General Chemistry 

i2mo, *i 00 

O'Connor, H. The Gas Engineers' Pocketbook. .i2mo, leather, 5 00 

Ohm, G. S., and Lockwoo^, T. D. Galvanic Circuit lemo, o 75 

01sen,J. C. Textbook of Quantitative Chemical Analysis. .Svo, 400 

i (Editor) Van Nostrand's Chemical Annual. Fifth Issue, 

1922 i2mo, fabrikoid (In Press.) 

Ormsby, M. T. M. Survesang i2mo, 2 00 

Oudin, M. A. Standard Polyphase Apparatus and Systems . . Svo, *3 00 

Pakes, W. C. C, and Nankivell, A. T. The Science of Hygiene. 

8vo, *i 75 

Palaz, A. Industrial Photometry Svo, 5 00 

Palmer, A. R. Electrical Experiments i2mo, o 75 

• Magnetic Measurements and Experiments i2mo, o 75 

Palmer, F. Practical Upholstering 4to, 8 00 

Pamely, C. Colliery Manager's Handbook Svo, *io 00 

Parker, P. A. M. The Control of Water Svo, *6 00 
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Parr, G. D. A. Electrical Engineering Ueasuring Instruments, 

8vo, *3 50 
Parry, E. J. Chemistry of Essential Oils and Artificial Per- 
fumes. Two Volumes 8vo. 

Vol. I. Monographs on Essential Oils 9 00 

Vol. II. Constituents of Essential Oils, Analysis 7 00 

Foods and Drugs. Two Volumes Svo. 

Vol. I. Analysis of Food and Drugs 9 5° 

Vol. II. Sale of Food and Drugs Acts *3 5° 

and Coste, J. H. Chemistry of Pigments 8vo, *^ 00 

Parry, L. Notes on Alloys Svo, 

Metalliferous Wastes Svo, 

Analysis of Ashes and Alloys Svo, 

Parry, L. A. Risk and Dangers of Various Occupations. . Svo, 
Parshall, H. F., and Hobart, H. M. Electric Railway En- 
gineering 4to, 

Parsons, J. L. Land Drainage Svo, 

Parsons, S. J. Malleable Cast Iron Svo, 

Partington, J. R. Higher Mathematics for Chemical Students 

i2mo, 

The Alkali Industry 8vo, 

— Textbook of Thermodynamics 8vo, 

Patchell, W. H. Electric Power in Mines Svo', 

Paterson, G. W. L. Wiring Calculations i2mo, 

Electric Mine Signalling Installations i2mo, 

Patterson, D. The Color Printing of Carpet Yarns Svo, 

Color Matching on Textiles 8vo, 

Textile Color Mixing 8vo, 

Paulding, C. P. Condensation of Steam in Covered and Bare 

Pipes 8vo, 

Transmission of Heat Through Cold-storage Insulation 

i2mo, 

Payne, D. W. Iron Founders' Manual fabrikoid, Svo, 

Peddie, R. A. Engineering and Metallurgical Books i2mo, 

Peirce, B. System of Analytic Mechanics 4to 

Linear Associative Algebra 4to 

Perkin, F. M., and Jaggers, E. M. Elementary Chemistry i2mo, 

Perrin, J. Atoms 8vo, 

Petit, G. White Lead and Zinc White Paints Svo, 
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Petit, R. How to Build an Aeroplane 8vo, *i 50 

Pettit, Lieut. J. S. Graphic Processes i6mo, o 75 

Phin,. J. Seven Follies of Sciences lamo, "1 50 

Pickworth, C. N. Logarithms for Beginners. .. .i2mo, boards, i 00 

The Slide Rule izmo, i 50 

Pilcher, R. B. The Profession of Chemistry i2mo, a 00 

and Butler- Jones, F. What Industry Owes to Chemical 

Science lamo, i 50 

Plattner's Manual of Blowpipe Analysis. Eighth Edition, re- 
vised 8vo, *4 00 

Plympton, G. W. The Aneroid Barometer i6mo, 075 

■ Van Nostrand's Table Book i6mo, o 75 

Pochet, M. L. Steam Injectors i6mo, o 75 

Pocket Logarithms to Four Places i6mo, o 75 

leather, i 00 

PoUeyn, F. Dressings and Finishings for Textile Fabrics. 8vo, *3 50 

Pollock, W. Hot Bulb Oil Engines and Suitable Vessels. .8vo, 10 00 

Pope, F. G. Organic Chemistry i2mo, 3 00 

Pope, F. L. Modern Practice of the Electric Telegraph. . , . 8vo, 1 so 

Popplewell, W. C. Prevention of Smoke 8vo, *3 50 

—^Strength of Materials 8vo, *2 50 

Porritt, B. D. The Chemistry of Rubber i2mo, *i 00 

Porter, J. R. Helicopter Flying Machine i2mo, *i 50 

Potts, H. E. Chemistry of the Rubber Industry 8vo, *x 50 

Practical Compounding of Oils, Tallow and Grease 8vo, *3 50 

Pratt, A. E. Economiic Metallurgy (/« Press.) 

Pratt, Jas. A. Elementary Machine Shop Practice. . . .8vo, 2 50 

Pratt, K.. Boiler Draught i2mo, "i 2S 

Prelini, C. Earth and Rock Excavation 8vo, *3 00 

Graphical Determination of Earth Slopes 8vo, *2 00 

Tunneling 8vo, *3 00 

Dredging. A Practical Treatise 8vo, *3 00 

Prescott, A. B., and Johnson, 0. C. Qualitative Chemical 

Analysis 8vo, 4 00 

and Sullivan, E. C. First Book in Qualitative Chemistry 

8vo, 1 50 

Prideauz, E. B. R. Problems in Physical Chemistry. .. .8vo, 4 50 

Theory and Vai of Indicalioiis 8vo, 5 00 

Prince, G. T. Flow of Water leather, i2mo, 2 00 
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Pull, Ernest. Modern Steam Boilers 8vo, 500 

Pullen, W. W. F. Application of Graphic Method to the Designs 

of Structures i2mQ, 3 00 

Injectors: Theory, Construction and Working i2mo, *2 00 

Indicator Diagrams 8vo, 3 00 

Engine Testing 8vo, *5 5° 

Purday, H. F. P. Diesel Engine Design 8V0, 7 50 

Rafter, G. W. Mechanics of Ventilation i6mo, o 75 

Potable Water i6mo, o 75 

Treatment of Septic Sewage i6mo, o 75 

and Baker, M. N. Sewage Disposal in the United States 

4to, *6 00 

Raikes, H. P. Sewage Disposal Works 8vo, *4 00 

Randau, P. Enamels and Enamelling 8vo, *5 00 

Rankine, W. J. M. Applied Mechanics 8vo, 6 00 

Civil Engineering 8vo, 7 50 

Machinery and Millwork 8vo, 6 00 

The Steam-engine and Other Prime Movers 8vo, 600 

Raphael, F. C. Localization of Faults in Electric Light and 

Power Mains , 8vo, 5 00 

Rasch, E. Electric Arc Phenomena 8vo, *2 00 

Rathbone, R. L. B. Simple Jewellery 8vo, 2 50 

Reinforced Concrete Bridges 4to, *5 00 

Rausenberger, F. The Theory of the Recoil of Guns 8vo, *5 00 

Rautenstrauch, W. Notes on the Elements of Machine Design, 

8vo, boards, "i 50 

and Williams, J. T. Machine Drafting and Empirical 

Design. 

Part I. Machine Drafting 8vo, 1 50 

Part U. Empirical Design {In Preparation.) 

Raymond, E. B. Alternating Current Engineering i2mo, *2 50 

Rayner, H. Silk Throwing and Waste Silk Spinning. .8vo, 5 oo 
Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery 

Trades 8vo, =^500 

Recipes for Flint Glass Making < i2mo, *s oo 

Redfern, J B., and Savin, J. Bells, Telephones i6mo, o 75 
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Redgrove, H. S. Experimental Mensuration i2mo, *i 50 

Reed, E. G. The Transformers (/»i Press.) 

Reed, S. Turbines Applied to Marine Propulsion *5 00 

Reed's Engineers' Handbook 8vo, *g 00 

Key to the Twenty-first Edition of Reed's Engineers' 

Handbook 8vo, 3 50 

Useful Hints to Sea-going Engineers i2mo, 2 50 

Reeve, F. C. Elementary Qualitative Analysis of the Metals 

and Acid Radii:;a)s i2mo, i 50 

Reid, E. E. Introduction to Research in Organic Chemistry. 

{In Press.) 
Reinhardt, C. W. Lettering for Draftsmen, Engineers, and 

Students oblong 4to, boards, i 35 

Reiser, F. Hardening and Tempering of Steel i2mo, 2 50 

Reiser, N. Faults in the Manufacture of Woolen Goods. 8vo, 2 50 

Spinning and Weaving Calculations Svo, *5 00 

Renwick, W. G. Marble and Marble Working Svo, 650 

Reuleauz, F. The Constructor 4to, ^4 00 

Rey, J. Range of Electric Searchlight Projectors Svo, 450 

Reynolds, 0., and Idell, F- E. Triple Expansion Engines. 

i6mo, 

lihead, G. F. Simple Structural Woodwork i2mo, 

Rhead, G. W. British Pottery Marks Svo, 

Rhodes, H. J. Art of Lithography Svo, 

Rice, J. M., and Johnson, W. W. A New Method of Obtaining 

the Differential of Functions i2mo, 

Richards, E. G. Experience Grading and Rating Schedule. Svo, 

Richards, W. A. Forging of Iron and Steel i2mo, 

— and Worth, H. B. Manual of Cement Testing i2mo, 

Richardson, J. The Modern Steam Engine Svo, 

Richardson, S. S. Magnetism and Electricity i2mo, *2 00 

Rideal, E. K. Industrial Electrometallurgy Svo, 3 00 

iThe Rare Earths and Metals Svo {In Press.) 

Ozone Svo, 4 00 

Rideal, S. Glue and Glue Testing Svo, *5 00 

The Carbohydrates Svo, 4 00 
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Eiesenberg, F. The Men on Deck fabrikoid, i2mo, 3 00 

Standard Seamanship for the Merchant Marine. . .izmo, 

(/» Press.) 

Simmer, £. J. Boiler Explosions, Collapses and Mishaps. 8vo, 2 25 

Rings, F. Reinforced Concrete in Theory and Practice. .i2mo, 4 50 

Ripper, W. Course of Instruction in Machine Drawing. . . folio, *6 00 

Roberts, F. C. Figure of the Earth i6mo, o 75 

Roberts, J., Jr. Laboratory Work in Electrical Engineering 

8vo, *2 00 

Robertson, J. B. The Chemistry of Coal. .- , i2mo, i 25 ' 

Robertson, L. S. Water-tube Boilers 8vo, 2 00 

Robinson, J. B. Architectural Composition 8vo, 3 50 

Robinson, S. W. Practical Treatise on the Teeth of Wheels. 

i6mo, o 75 

Wrought Iron Bridge Members i6mo, o 75 

Robson, J. H. Machine Drawing and Sketching.. Svo, 2 00 

Roebling, J. A. Long and Short Span Railway Bridges . . folio, 2300 

Rogers, A. A Laboratory Guide of Industrial Chemistry . Svo, 2 00 

Elements of Industrial Chemistry i2mo, 3 00 

Manual of Industrial Chemistry fabrikoid, Svo, 7 50 

Rogers, F. Magnetism of Iron Vessels i6mo, o 73 

Rohland, P. Colloidal and its Crystalloidal Statei ot Matter. 

i2mo, (Reprinting.') 

Rollinson, C. Alphabets oblong izmo, 123 

Rose, J. The Pattern-makers' Assistant Svo, 2 50 

• Key to Engines and Engine-running i2rao, 2 50 

Rose, T. K. The Precious Metals 8vq, 230 

Rosenhain, W. Glass Manufacture Svo, 4 00 

Physical Metallurgy, An Introduction to Svo, 400 

Roth, W. A. Physical Chemistry Svo, *2 00 

Rowan, F. J. Practical Physics of the Modem Steam-boiler.Svo "3 00 
Rowan, F. J., and Idell, F. E. Boiler Incrustation and Cor- 
rosion i6mo, 075 

Roxburgh, W. General Foundry Practice Svo, *2 50 

Royds, R. Heat Transmission in Boilers, Condensers and 

Evaporators Svo, 4 50 

^Heat Transmission by Radiation, Conduction and Con- 
vection Svo, 4 50 

Measurement of Steady and Fluctuating Temperatures, 

Svo, 4 00 
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Ruhmei, E. Wireless Telephony 8vo, *4 50 

Russell, A. Theory of Electric Cables and Networks .... 8vo, 5 00 

Rust, A. Practical Tables for Navigators and Aviators,. 8 vo, 3 50 

Rutley, F. Elements of Mineralogy izmo, 2 50 

Sandeman, E. A. The Manufacture of Earthenware. .i2mo, 3 50 

Sanford, P. G. Nitro-explosives 8vOj *4 00 

Saunders, C. H. Handbook of Practical Mechanics. .. .i6mo, i 50 

leather, 2 00 

Sayers, H. M Brakes for Tram Cars „ 8vo, 'i 25 

Schaef er, C. T. Motor Truck Design 8vo, 2 50 

Scheithauer, W. Shale Oils and Tars 8vo, *4 00 

Schenker, W. Fuel and Lubricating Oils for Diesel Engines, 

8vo, 3 00 

Scherer, R. Casein 8vo, *3 50 

Schidrowitz, P. Rubber, Its Production and Industrial Uses, 

8vo, *6 00 

Schindler, E. Iron and Steel Construction Works. .. .i2mo, *2 00 
Schmall, C. N. First Course in Analytic Geometry, Plane and 

Solid i2mo, 225 

and Shack, S. M. Elements of Plane Geometry. .i2mo, i 25 

Schmeer, L. Flow of Water 8vo, i 50 

Schwarz, E. H. L. Causal Geology 8vo, 3 00 

Schweizer, V. Distillation of Resins 8vo, *5 00 

Scott, A. H. Reinforced Concrete in Practice izmo, 2 00 

Scott, W. W. Qualitative Analysis. A Laboratory Manual . . 3 00 
—'Standard Methods of Chemical Analysis. 2 vols.. 

8vo (/« Press.') 
Scribner, J. M. Engineers' and Mechanics' Companion. 

i6mo, leather, i 50 
Scudder, H. Electrical Conductivity and Ionization Constants 

of Organic Compounds 8vo, *3 00 

Seamanship, Lectures on i2mo, 2 00 

Searle, A. B. Modern Brickmaking ;...8vo, 700 

Cement, Concrete and Bricks 8vo, 300 

Searle, G. M. " Sumners' Method." Condensed and Improved. 

i6mo, o 75 

Seaton, A. E. Manual of Marine Engineering 8vo, 1000 

and Rounthwaite, H. M. Pocket-book of Marine 

Engineering i6mo, leather, 6 00 
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Seeligmann, T., Torrilhon, G. L., and Falconnet, H. India 

Rubber and Gutta Percha 8vo, *6 00 

Seidell, A. Solubilities of Inorganic and Organic Substances, 

8vo, *7 50 

SeUew, W. H. Steel Rails 4to, *io 00 

Railway Maintenance Engineering i2mo, *3 00 

Senter, G. Outlines of Physical Chemistry i2mo, 300 

Textbook of Inorganic Chemistry i2mo, *3 00 

Sever, G. F. Electric Engineering Experiments .... 8vo, boards, *i 00 
and Townsend, F. Laboratory and Factory Tests in Elec- 
trical Engineering 8vo, *2 50 

Sewall, C. H. Wireless Telegraphy 8vo, *2 00 

Lessons in Telegraphy 1 2mo, * i 00 

Sexton, A. H. Chemistry of the Materials of Engineering, 

i2mo, 3 00 

and Davidson, W. B. Fuel and Refractory Materials. 

8vo, 4 00 

and Primrose, J. S. G. The Metallurgy of Iron and Steel, 

8vo, *6 50 

Alloys (Non-Ferrous) 8vo, 3 50 

The Common Metals (Non-Ferrous) Svo, 400 

Seymour, A. Modern Printing Inks Svo, 3 00 

Shaw, Hanry S, H. Mechanical Integrators i6mo, o 75 

Shaw, J. B. Vector Calculus {In Pt ess.) 

Shaw, T. R. Driving of Machine Tools i2mo, *3 00 

Precision Grinding Machines i2mo, ' 5 00 

Shaw, W. N. Forecasting Weather Svo {Reprinting) 

Sheldon, S., and Hausmann, E. Dynamo Electric Machinery, 

A.C. and D.C Svo (In Press.) 

Electric Traction and Transmission Engineering. .. .8vo, 3 00 

Physical Laboratory Experiments Svo, i 50 

Sherriff, F. F. Oil Merchants' Manual and Oil Trade Ready 

Reckoner ., •. . Svo, 3 50 

Shields, J. E. Note on Engineering Construction i2mo, 1:50 

Shreve, S. H. Strength of Bridges and Roofs Svo, 3 50 

Shunk, W. F. The Field Engineer lamo, fabrikoid, 3 00 

Silverman, A., and Harvey, A. W. Laboratory Directions and 
Study Questions in Inorganic Chemistry, 

4to, loose leaf, 2 00 
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Simmtins, H. E. Rubber Manufacture 4to, 4 50 

Simmons, W. H. Fats, Waxes and Essential Oils..8vo (In Press.) 

Simmons, W. H., and Appleton, H. A. Handbook of Soap 

Manufacture 8vo, *4 00 

Simmons, W. H., and Mitchell, C. A. Edible Fats and Oils, 

8vo, *3 50 

Simpson, 6. The Naval Constructor i2mo, fabrikoid, *5 00 

Simpson, W. Foundations 8vo (In Press ) 

Sinclair, A. Development of the Locomotive Engine. 

Svo, half leather, 5 00 

Sindall, R. W. Manufacture of Paper Svo, 3 00 

and Bacon, W. N. The Testing of Wood Pulp Svo, 2 50 

. Wood and Cellulose Svo (In Press.) 

Sloane, T. O'C. Elementary Electrical Calculations. .. .lamo, 2 50 

Short Cuts in Arithmetic (In Press.) 

Smallwood, J. C. Mechanical Laboratory Methods, 

i2mo, fabrikoid, *3 oc 

Smith, C. A. M. Handbook of Testing: MATERIALS ... Svo, 500 

and Warren, A. G. New Steam Tables Svo, i 00 

Smith, C. F. Practical Alternating Currents and Testing. Svo, *3 50 

Practical Testing of Dynamos and Motors Svo, *3 00 

Smith, F. E. Handbook of General Instruction for Mechanics, 

i2mo, I 50 
Smith, G. C. Trinitrotoluenes and Mono- and Dinitroto- 

luenes. Their Manufacture and Properties i2mo, 2 00 

Smith, H. G. Minerals and the Microscope i2mo, *2 00 

Smith, J. C. Manufacture of Paint Svo, ♦s 00 

Smith, H. H. Principles of Machine Work i2mo (In Press.) 

- — Advanced Machine Work i2mo, *3 00 

Smith, W. Chemistry of Hat Manufacturing i2mo, *3 50 

Snell, F. D. Colorimetric Analysis i2mo, 200 

Snow, W. G., and Nolan, T. Ventilation of Buildings. lemo, o 75 

Soddy, F. Radioactivity Svo, (Reprinting. ) 

Solomon, M. Electric Lamps Svo, *2 00 

Somerscales, A. N. Mechanics for Marine Engineers. .i2mo, 2 50 

Mechanical and Marine Engineering Science Svo, *5 00 

Sothern, J. W. The Marine Steam Turbine Svo, 15 00 

Verbal Notes and Sketches for Marine Engineers ... Svo, 15 00 

Marine Engine Indicator Cards Svo, 4 50 

Oil Fuel Burning in Marine Practice Svo, 7 50 
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Sbthern, J. W., and Sothern, R. M. Simple Problems in 

Marine Engineering Design izmo, 3 00 

Souster, E. G. W. Design of Factory and Industrial Build- 
ings 8vo, 4 00 

Southcombe, J. E. Chemistry of the Oil Industries 8vo, 3 50 

Soxhlet, D. H. Dyeing and Staining Marble 8vo, *2 50 

Spangenburg, L. Fatigue of Metals lemo, o 75 

Spencer, A. S. Design of Steel-Framed Sheds 8vo, *3 50 

Spiegel, L. Chemical Constitution and Physiological Action. 

i2mo, *i 25 

Sprague, E, H. Elementary Mathematics for Engineers.i2mo, 2 00 

Elements of Graphic Statics 8vo, 2 00 

^Hydraulics i2mo, *2 00 

Moving Loads by Influence Lines and Other Methods, 

i2mo, 2 00 

Stability of Arches i2mo, 2 00 

Stability of Masonry i2mo, *2 00 

Strength of Structural Elements i2mo, 2 00 

Stahl, A. W., and Woods, A. T. Elementary Mechanism. i2mo, 2 25 

Standage, H. C. Leatherworkers' Manual 8vo, 4 00 

Sealing Waxes, Wafers, and Other Adhesives 8vo, *2 50 

Agglutinants of All Kinds for All Purposes i2mo, *3 50 

Stanley, H. Practical Applied Physics (In Press.) 

Stansbie, J. H. Iron and Steel 8vo, *2 50 

Steadman, F. M. Unit Photography i2mo, 2 50 

Stecher, 6. E. Cork. Its Origin and Industrial nses..i2mo, i 00 
Steinheil, A., and Voit, E. Applied Optics. Vols. I and II, 

8vo, each, 5 00 

Two Volumes set, 9 00 

Steinman, D. B. Suspension Bridges and Cantilevers o 75 

Melan's Steel Arches and Suspension Bridges 8vo, *3 co 

Stevens, A. B. Arithmetic of Pharmacy i2mo, i 50 

Stevens, E. J. Field Telephones and Telegraphs for Army 

Use lamo, I 20 

Stevens, H. Pj Paper Mill Chemist i6mo, 4 00 

Stevens, J. S. Theory of Measurements i2mo, *r 25 

Stevenson, J. L. Blast-Furnace Calculations. .i2mo, leather, 2 50 

Stewart, G. Modern Steam Traps i2mo, *i 75 
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Stiles, A. Tables for Field Engineers i2mo, i oo 

Stodola, A. Steam Turbines 8vo, 7 50 

Stone, E. W. Elements of Radiotelegraphy. .lamo, fabrikoid, 2 50 

Stone, H. The Timbers of Commerce 8vo, 4 00 

Stopes. M. The Study of Plant Life 8vo, .200 

Sudborough, J. J., and James, T. C. Practical Organic Chem- 
istry i2mo, 3 s° 

Suf fling, E. R. Treatise on the Art of Glass Painting. .8vo, *3 50 
Sullivan, T. V., and Underwood, N. Testing and Valuation 

of Building and Engineering Materials (In Press.) 

Svenson, C. L. Handbook of Piping 8vo, 4 00 

Essentials of Drafting 8vo, i 75 

Machine Drawing '. . .8vo, 2 25 

Swan, K. Patents, Designs and Trade Marks 8vo, *2 00 

Swinburne, J., Wordingham, C. H., and Martin, T. C. Electric 

Currents i6mo, o 75 

Swoope, 0. W. Lessons in Practical Electricity i2mo, 2 50 

Tailfer, L. Bleaching Linen and Cotton Yarn and Fabrics.8vo, *j 00 

Taylor^ F. N. Small Water Supplies i2mo, 3 00 

Masonry in Civil Engineering 8vo, *2 50 

Taylor, H. S. Fuel Production and Utilization 8vo, 3 50 

Taylor, W. T. Electric Power Conductors and Cables. 8vo, (In Press.) 

Calculation of Electric Conductors 4to, -^ 00 

Templeton, W. Practical Mechanic's Workshop Companion, 

i2mo, morocco, 2 00 
Tenney, E. H. Test Methods for Steam Power Plants. 

leather, i2mo, 3 00 

Terry, H. L. India Rubber and Its Manufacture 8vo, 300 

Thayer, H. R. Structural Design Svo, 

Vol. I. Elements of Structural Design : 3 50 

VoL 11. Design of Simple Structures.- 450 

Vol. III. Design of Advanced Structures (In Preparation.') 

• Foundations and Masonry (In Preparation.) 

Thiess, J. B., and Joy, G. A. Toll Telephone Practice. .8vo, *3 50 
Thorn, C, and Jones; W. H. Telegraphic Connections. 

oblong i2mo, i 50 
Thomas, C. W. Paper-makers' Handbook (In Press.) 
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Thomas, J. B. The Powering of Ships 8vo, lo oo 

— - Strength of Ships 8vo, 2 50 

Oil Field Development and Petroleum Mining. .. .8vo, 1500 

Thompson, A. B. Oil Fields of Russia 4to, 10 00 

Thompson, W. P. Handbook of Patent Law of All Countries, 

i6mo, 2 00 

Thomson, 6. S. Milk and Cream Testing lamo, '^2 25 

Thomson, G. Modern Sanitary Engineering, House Drain- 
age, etc 8vo, 3 00 

Thomssen, £. G. Soap Making Manual i2mo, 4 00 

Thornley, T. Cotton Combing Machines..., 8vo, *3 50 

Cotton Waste 8vo, 6 00 

Cotton Spinning. In three volumes 8vo. 

Vol. I. Elementary Cotton Spinning 5 00 

Vol. I. Second Year 3 50 

Vol. m. Third Year 2 50 

Thurso, J. W. Modern Turbine Practice 8vo, *4 00 

Thurston, A. Pharmaceutical and Food Analysis (/n Press.) 

Tidy, C. Meymott. Treatment of Sewage , .i6mo, o 75 

Tillmans, J. Water Purification and Sewage Disposal .. 8vo, 2 50 

Tinkler, C. K., and Master, H. Applied Chemistry. . .8vo, 4 50 

Tinney, W. H. Gold-mining Machinery 8vo, *3 00 

Titherley, A. W. Laboratory Course of Organic Chemistry . 8vo, 2 50 

Tizard, H. T. Indicators (In Press.) 

Toch, M. Chemistry and Technology of Paints 8vo, *4 50 

• Materials for Permanent Painting i2mo, 2 50 

Tod, J., and McGibbon, W. C. Marine Engineers' Board of 

Trade Examinations 8vo, *2 00 

Todd, J., and Whall, W. B. Practical Seamanship. .. .8vo, 9 00 

Townsend, F. Alternating Current Engineering. .8vo, boards, *o 75 

Townsend, J. Ionization of Gases by Collision 8vo, *i 25 

Transactions of the American Institute of Chemical Engineers. 

Vols. I to XI, igo8-igi8 8vo, each, 6 00 

Vol. XII. Two Parts, 1919 8vo, each, 5 00 

Vol. XIII. Part I, 1920 8vo, 6 00 

Traverse Tables lemo, o 75 

Treiber, E. Foundry Machinery i2mo, *2 00 

Trinks, W. Governors and Governing of Prime Movers. .8vo, 3 50 

Trinks, W., and Housum, C. Shaft Governois i6mo, o 75 
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Trivelli, A. P. H., and Sheppard, S. E. Silver Bromide 

Grain of Photographic Emulsions 8vo, 2 50 

Trowbridge, W. P. Turbine Wheels i6mo, 075 

Tucker, J. H. A Manual of Sugar Analysis 8vo, 3 50 

Turner, H. Worsted Spinners' Handbook..^ 1210.0, "3 00 

Turrill, S. M. Elementary Course in Perspective i2mo, *i 25 

Twyford, H. B. Purchasing 8vo, 4 00 

Storing, Its Economic Aspects and Proper Methods. .Svo, 3 50 

Underbill, C. R. Solenoids, Electromagnets and Electromag- 
netic Windings izmo, *3 00 

Underwood, N., and Sullivan, T. V. Chemistry and Tech- 
nology of Printing Inks Svo, 400 

UrqiUiart, J. W. Electro-plating i2mo, 3 00 

Electrotyping i2mo, 2 00 

Usborne, P. 0. G. Design of Simple Steel Bridges Svo, *4 00 

Vacher, F. Food Inspector's Handbook i2mo, 4 00 

Van Nostrand's Chemical Annual. Fifth Issue, 1922. 

fabrikoid, izmo (/» Press.) 

Van Wagenen, T. F. Manual of Hydraulic Mining i6mo, i 00 

Vega, Baron, Von. Logarithmic Tables .8vo, 2 50 

Vincent, C. Ammonia and Its Compounds Svo, *2 50 

Virgin, R. Z. Mine Management i2mo, 2 00 

Volk, C. Haulage and Winding Appliances Svo, *4 00 

Von Georgievics, G. Chemical Technology of Textile Fibres. 

Svo, 7 00 

A Textbook of Dye Chemistry Svo, 1200 

Vose, G. L. Graphic Method for Solving Certain Questions in 

Arithmetic and Algebra i6mo, o 75 

Vosmaer, A. Ozone ,._, Svo, *2 50 



Wabner, R. Ventilation in Mines Svo, *s 00 

Wadmore, J. M. Elementary Chemical Theory i2mo, *i 50 

Wagner, E. Preserving Fruits, Vegetables, and Meat..i2mo, *2 50 
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Wagner, H. E., and Edwards, H. W. Railway Engineering 

Estimates (/« Press.) 

Waener, J. B. Seasoning of Wood 8vo, 4 00 

Walker, F. Dynamo Building i6mo, 075 

Walker, J. Organic Chemistry for Students of Medicine. 8 vo, 4 00 
Walker, S. F. Cold-storage, Heating and Ventilating on 

Board Ship fabrikoid, i2mo, 2 50 

Electricity in Mining Svo, *4 50 

Electric Wiring and Fitting Svo, 2 50 

Wallace, J. Design of Aeroplane Engines 8vQ, 6 00 

Wallis-Tayler, A. J. Bearings and Lubrication. .Svo (Reprinting.) 

Aerial or Wire Ropeways 8vo, 5 00 

Preservation of Wood 8vo, 4 00 

Refrigeration, Cold Storage and Ice Making 8vo, 5 50 

Sugar Machinery i2mo, 3 00 

Walsh, J. J. Chemistry and Physics of Mining and Mine 

Ventilation i2mo, 2 50 

Wanklyn, J. A. Water Analysis i2mo, 2 00 

Wansbrough, W. D. The A B C of the Differential Calculus, 

i2mo, *2 50 

Slide Valves i2mo, "2 00 

Waring, Jr., 6. E. Sanitary Conditions i6mo, o 75 

Sewerage and Land Drainage *6 00 

Modern Methods of Sewage Disposal i2mo, 2 00 

How to Drain a House i2mo, i 25 

Warnes,! A. R. Coal Tar Distillation Svo, *s 00 

Warren, F. D. Handbook on Reinforced Concrete i2mo, *2 50 

Watkins, A. Photography Svo, 4 00 

Watkins, 6. P. Electrical Rates Svo, 300 

Watson, E. P. Small Engines and Boilers i2mo, i 25 

Watt, A. Electro-plating and Electro-refining of Metals . Svo, 5 00 

Electro-plating i2mo, 2 oo 

Electro-metallurgy i2mo, i oo 

The Art of Soap-making Svo, 4 00 

Leather Manufacture Svo, 6 00 

Paper Making Svo, 4 00 

Webb, H. L. Guide to the Testing of Insulated Wires and 

Cables i2mo, i 00 

Wegmann, E. Conveyance and Distribution of Water for 

Water Supply Svo, 500 
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Weisbach, J. A Manual of Theoretical Mechanics 8vo, *6 oo 

and Henmann, G. Mechanics of Air Machinery 8vo, *3 75 

Wells, M. B. Steel Bridge Designing 8vo, 2 50 

Wells, Kobt. Ornamental Confectionery izmo, 3 00 

Weston, E. B. Loss of Head Due to Friction of Water in Pipes, 

leather, i2mo, -.i 00 

Wheeler, S. G. Entropy as a Tangible Conception 8vo, 3 00 

Whipple, S. An Elementary and Practical Treatise on Bridge 

Building 8to, 3 00 

White, C. H. Methods in Metallurgical Analysis. .. .i2mo, 300 

White, G. F. Qualitative Chemical Analysis i2mo, i 40 

White, G. T. Toothed Gearing i2mo, *2 00 

White, H. J. Oil Tank Steamers i2mo, 300 

Whiteford, J. F. Factory Management Wastes 8vo, 400 

Whitehead, S. E. Benzol 8vo, s 00 

Whitelaw, John. Surveying 8vo, 4 50 

Whittaker, C. M. Application of the Coal Tar Dyestuffs.Svo, 3 00 

Testing of Dyestuffs in the Laboratory 8vo, 4 50 

Widmer, E. J. Observation Balloons i2mo, 3 00 

Wilcox, H. M. Cantilever Bridges i6mo, o 75 

Wilda, H. Steam Turbines i2mo, *2 00 

Cranes and Hoists izmo, *2 00 

Wilkinson, H. D. Submarine Cable Laying and Repairing, 

8vo (.Reprinting) 

Williamson, J. Surveying 8vo, *3 00 

Williamson, R. S. Practical Tables in Meteorology and 

Hypsometry 4to, 2 50 

Wilson, F, J., and Heilbron, I. M. Chemical Theory and Cal- 

> culations i2mo, i 75 

Wilson, J. F. Essentials of Electrical Enginering 8vo, 3 00 

Wimperis, H. E. Internal Combustion Engine 8vo, 3 50 

Application of Power to Road Transport i2mo, *i 50 

Primer of Internal Combustion Engine i2mo, *i 50 

A Primer of Air Navigation i2mo, 2 50 

Winchell, N. H., and A. N. Elements of Optical Mineralogy. 8vo, *3 50 

Wisser, Lieut. J. P. Modem Gun Cotton i6mo, o 75 

Wolff, C. E. Modern Locomotive Practice 8vo, *4 20 

Woodall, H., and Parkinson, B. R. Distribution of Gas or 

Water by Steel Pipes 8vo, 600 
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Wood, J. K. Chemistry of Dyeing lamo, *i oo 

Wormald, T. The Blacksmith's Pocket Book i2mo, 2 00 

Worden, E. C. The Nitrocellulose Tndustry. Two vols..8vo, 15 00 

Technology of Cellulose Esters. In ten vols 8vo. 

Vol. I. Five Parts. Cellulose. Starch. Cotton. Nitric 
Acid. Sulfuric Acid. Mixed Acids. Nitrocellulose. 
Theory and Practice. Historical. Development. Cel- 
lulose Esters. Patent Name and Subject Indices. 8vo, 4000 

Vol. VIII. Cellulose Acetate *5 00 

Vols. II to VII, IX and X (In Preparation.) 

Wren, H. OrganometaUic Compounds of Zinc and Magnesium. 

i2mo, *i 00 
Wright, A. C. Simple Method for Testing Painters' 

Materials 8vo, 2 50 

Analysis of Oils and Allied Substances 8vo, 3 50 

Wright, J. Testing, Fault Finding, etc., for Wiremen. .i6mo, *o 50 

Wright, T, W. Elements of Mechanics 8vo, 300 

and Hayford, J. J. Adjustment of Observations. . .8vo, 4 00 

Wynne, W. E., and Spraragen, W. Handbook of Engineering 

Mathematics i2mo, f abrikoid, 2 50 



Yoder, J. H. and Wharen, G. B, Locomotive Valves and 

Valve Gears 8vo, 3 00 

Young, J. E. Electrical Testing for Telegraph Engineers... 8vo, *4 00 

Young, R. B. The Banket 8vo, 3 50 

Youngson, P. Slide Valves and Valve Gearing Svo, 2 50 

Zeuner, A. Technical Thermodynamics. Two vols 8vo, 1000 

Zimmer, G. F. Mechanical Handling and Storing of Materials, 

4to (Reprinting.) 
Mechanical Handling bf Material and Its National Im- 
portance 'During and After the War 4to, 4 00 

Zipser, J. Textile Raw Materials Svo, *s 00 

Zur Hedden, F. Engineering Workshop Machines and Proc- 
esses Svo, *2 00 



D.Van Nostrand Company 



are prepared to supply, either from 

their complete stock or at 

short notice. 

Any Technical or 

Scientific Book 

In addition to publishing a very large 
and varied number of Scientific and 
Engineering Books, D. Van Nostrand 
Company have on hand the largest 
assortment in the United States of such 
books issued by American and foreign 
publishers. 



All inquiries are cheerfully and care- 
fully answered and corriplete catalogs 
sent free on request. 



8 Warren Street - - New^ York 
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